BWC/JJD 
November 12, 2003 



PATENT APPLICATION 
Attorney Docket No.: MED03-11 



1- 



Certificate of Express Mailing Under 37 C.F.R. 1.10 



I hereby certify that this correspondence is being deposited with the United States Postal 
Service with sufficient postage as Express Mail in an envelope addressed to: MAIL STOP PATENT 
APPLICATION, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223 13-1450 on: 



Date: November 12, 2003 



Signature: 





Express Mailing Label No.: EV273 187 559 US 



Typed or Printed Name: 



Farah Zafar 



Inventors: Charles D. Lennox, Steven M. 

Johnson, Susan Beinor, Maria 
Benson, Don Paul Nogueira, John 
W. Carroll, and Helen Maslocka 

Attorney Docket No. : MED03- 1 1 

METHOD AND DEVICE FOR RAPIDLY INDUCING AND THEN MAINTAINING 

HYPOTHERMIA 

5 RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Utility Application Serial 
Number 10/424,391, filed April 25, 2003, incorporated by reference herein, which 
claims benefit of U.S. Provisional Application 60/376,249 filed April 29, 2002, 
incorporated by reference herein. This application also claims benefit of U.S. 

10 Provisional Application Serial Number 60/432,884, filed December 12, 2002, 
incorporated by reference herein. 



MED03-11 

-2- 

BACKGROUND 

Patients that suffer from stroke, cardiac arrest, or trauma, such as head trauma, 
as well as patients that have undergone invasive brain or vascular surgery, are at risk for 
ischemic injury. Ischemic injury occurs as a resuh of a lack of oxygen (e.g. lack of 

5 oxygenated blood) to an organ, such as caused by a blockage or constriction to a vessel 
carrying blood to the organ. For example, in the case where a patient suffers a heart 
attack, typically, a clot can block one of the coronary arteries that carries blood and 
oxygen to the patient's heart muscle. As a result of the blockage (e.g., an ischemic 
condition) the patient's heart can experience ischemic tissue injury or heart damage. In 

10 the case where a patient suffers from a stroke, typically, a clot blocks the blood supply 
to a portion of the patient's brain. The blockage, in turn, causes ischemic damage to the 
brain tissue. For example, as a result of the stroke, the brain experiences a critical or 
terminal rise in intra-cranial pressure, brain cell death, and a loss of brain function. 

Induction of systemic hypothermia (e.g., a hypothermic state) in a patient may 

15 minimize ischemic injury when the patient suffers from a stroke, cardiac arrest, heart 
attack, trauma, or surgery. For example, in the case where the patient suffers a heart 
attack, the effectiveness of hypothermia is a function of the depth (e.g., within a 
temperature range between approximately 30"^ C and 35° C for example) and duration of 
the hypothermic state as applied to the heart. The effectiveness of the hypothermia is 

20 also a function of the amount of time that elapses between the original insult (e.g., heart 
attack) and achievement of protective levels of hypothermia. Also, for trauma and 
stroke patients, hypothermia aids in controlling swelling of the patient's brain. 
Furthermore, surgeons typically use hypothermia during brain and other invasive 
surgeries to protect the brain from surgical interruptions in blood flow. 

25 Systemic hypothermia has historically been applied, such as by immersion of the 

patient's body in a cool bath, where the depth and duration of hypothermia is limited by 
the patient's ability to tolerate the therapy. Currently, there are several conventional 
systemic hypothermia systems available. Such conventional systems include blankets or 



MED03-11 

-3- 

pads where cooled water is circulated through channels in the walls of the blanket or 
pad and the patient's body contacts the walls of the blanket. 

Attempts have been also made to induce hypothermia in a patient by local 
cooling the surface of the patient's head. For example, a conventional head-cooling 

5 device involves a head cap with a gel substance contained within the walls of the cap. 
Prior to use, for example, a user (e.g., medical technician) places the head-cooling 
device in a freezer to reduce the temperature of the gel within the cap. During 
operation, the user fits the reduced-temperature cap to the head of a patient. The gel 
within the walls of the cap absorbs heat from the head, thereby cooling the head of the 

10 patient. 

Other conventional devices induce systemic hypothermia in a patient by 
providing contact between a tissue region of interest and a cooling fluid. For example, 
one conventional device includes a flexible hood having multiple ribs or studs disposed 
on the inner surface of the hood. When a user places the hood on a head of a patient, 

1 5 the ribs or studs contact the head and maintain a fluid circulation space between the 
head and the hood and an edge, defined by the hood, contacts the patient's skin. A 
negative pressure source draws a cooling fluid through the flexible hood, under negative 
pressure, to cause the fluid to contact the scalp of the patient and draw heat away from 
(e.g., cool) the scalp. Furthermore, application of the negative pressure seals the edges 

20 of the hood against the skin of the patient (e.g., a region substantially free of hair). 

SUMMARY 

Conventional techniques for providing systemic hypothermia to a patient suffer 
from a variety of deficiencies. 
25 As indicated above, systemic hypothermia reduces ischemic injury from stroke, 

cardiac arrest, heart attack, trauma, and surgery. However, there are several drawbacks 
to the approaches described above. For example, application of systemic hypothermia 
can take several hours to lower a patient's body to therapeutic temperatures. Such a 
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time period delays achieving therapeutic temperatures within the patient and, therefore, 
allows the progression of irreversible injury to the brain or heart. In another drawback to 
known systemic hypothermia systems, systemic hypothermia cannot be initiated until 
after the patient has been admitted to the hospital. 
5 As indicated above, attempts have been made to induce systemic hypothermia by 

using head-cooling devices to cool the surface of the head, such as a head cap with a gel 
substance contained within the walls of the cap. For example, during operation, the user 
fits the reduced-temperature cap to the head of a patient. The gel within the walls of the 
cap absorbs heat from the head, thereby cooling the head of the patient. Reports from 
10 clinical trials using such devices indicate, however, that while these devices induce 
systemic hypothermia, such induction is performed at a relatively slow rate. A 
significant problem is that hair, especially dry hair, is a very effective insulator. There is 
significant variation from patient to patient in the thickness of hair on the head and its 
distribution on the head. A device that does not address the insulating effect of hair, and 
1 5 its variability among patients will be ineffective in rapidly inducing systemic 
hypothermia in a patient. 

A second significant deficiency with conventional head-cooling devices relates 
to the separation of the cooling medium (e.g., gel or circulating water) from the head by 
a material forming the device. Typically, head-cooling devices are made of plastic or 
20 woven material, both of which are highly insulative and greatly reduce the amount of 
heat that is transferred from the head into the cooling medium. 

Also as indicated above, conventional head-cooling devices include a flexible 
hood placed on the head of a patient. A cooling fluid is drawn through the flexible hood 
under negative pressure to contact the scalp of the patient and draw heat away from 
25 (e.g., cool) the patient's scalp. Because the flexible hood, however, relies on a negative 
pressure to draw the cooling fluid within a region between the scalp and the hood 
apparatus, a large number of regularly spaced ribs or studs are required to form fluid 
channels between the scalp and the apparatus. Furthermore, application of the negative 
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pressure seals the edges of the hood against the skin of the tissue region. However, such 
sealing is ineffective when the edges are positioned over hair, such as hair protruding 
from a patient scalp. In the case where the edges contact the hair of a patient's scalp, 
the hair minimizes the seal between the hood and the patient, thereby allowing leakage 

5 of the cooling fluid from the hood apparatus. 

By contrast, embodiments of the present invention significantly overcome such 
deficiencies and provide techniques for inducing systemic hypothermia in a patient. A 
cooling system includes a console and a tissue cooling device, such as a head-cooling 
device. An operator applies the head-cooling device to the head of a patient at risk for 

10 ischemic injury. The console provides a cooling fluid to a fluid circulation space 
located between the cooling device and the patient's head under a positive gage 
pressure. Direct contact between the cooling fluid and the patient's head provides a 
relatively rapid induction of systemic hypothermia in the patient, thereby minimizing or 
preventing ischemic injury in the patient. The console also removes air from a channel 

1 5 disposed about an inner rim of the cooling device, using a negative gage pressure. Such 
removal of the air from the channel seals the rim of the cooling device to the head of the 
patient, including portions of the channel in contact with hair of the patient's head, and 
minimizes leaking of the cooling fluid beyond the rim of the cooling device. 

In one arrangement, the invention relates to a cooling device for inducing 

20 hypothermia. The head-cooling device includes a cap having an outer surface and an 
inner surface. The head-cooling device has a first sealing member disposed on the inner 
surface of the cap about a circumference defined by the cap. The first sealing member 
defines a first irmer surface of the cap and a second inner surface of the cap where the 
first sealing member, the first inner surface of the cap, and a first portion of a head 

25 define a fluid circulation space. The head-cooling device has a second sealing member 
disposed on the second inner surface of the cap about a rim defined by the cap where the 
first sealing member, the second irmer surface of the cap, and the second sealing 
member define an aspiration charmel. The head-cooling device has a fluid inlet in 



MED03-11 

-6- 

communication with the fluid circulation space configured to receive a cooling fluid 
from a fluid source via a positive gage pressure and an aspiration channel outlet in 
communication with the aspiration channel. The aspiration channel is configured to 
remove air from the aspiration channel, via a negative gage pressure, to seal the rim of 

5 the cap to a second portion of the head. Such a configuration of the head-cooling device 
induces systemic hypothermia in a patient and minimizes leakage of the cooling fluid 
past the rim of the head-cooling device. 

In one arrangement, the aspiration channel is configured to retrieve fluid from 
the fluid circulation space and the aspiration channel outlet is configured to remove 

1 0 fluid retrieved by the aspiration channel. In another arrangement, the head-cooling 
device includes a fluid collection reservoir in communication with the cap, the fluid 
collection reservoir in fluid communication with the fluid circulation space and in fluid 
communication with the aspiration channel. 

In one arrangement, the head-cooling device includes a fluid outlet in 

1 5 communication with the cap and in fluid communication with the fluid circulation 
space, the fluid outlet configured to allow egress of the cooling fluid from the fluid 
circulation space. Such a configuration allows removal of the fluid from the fluid 
circulation space via gravity. In one arrangement, the head-cooling device defines a 
vent opening within the cap, the vent opening configured to maintain the pressure 

20 within the fluid circulation space at substantially atmospheric pressure. 

In one arrangement the head-cooling device is coupled with a tissue cooling 
device, such as a body-cooling device that provides additional cooling to a patient to 
induce systemic hypothermia in the patient. The body-cooling device includes a fluid 
distribution membrane defining a plurality of fluid jets and a heat transfer membrane 

25 attached to the fluid distribution membrane and configured to cover a body portion, the 
fluid distribution membrane and the heat transfer membrane defining a fluid circulation 
chamber. In one arrangement, the jets create fluid turbulence within the fluid 
circulation chamber. Such turbulence increases the heat transfer between a cooling fluid 
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within the fluid circulation chamber and the heat transfer membrane, thereby providing 
relatively rapid and efficient cooling to the body portion. 

In one arrangement, the body-cooling device is configured as a neck-cooling 
device having a collar, a first body-cooling module attached to the collar, and a second 
5 body-cooling module attached to the collar. The first body-cooling module has a first 
fluid distribution membrane defining a plurality of fluid jets and has a first heat transfer 
membrane attached to the first fluid distribution membrane configured to cover a first 
neck portion. The first fluid distribution membrane and the first heat transfer membrane 
define a first fluid circulation chamber. The second body-cooling module has a second 

1 0 fluid distribution membrane defining a plurality of fluid jets and has a second heat 
transfer membrane attached to the second fluid distribution membrane configured to 
cover a second neck portion. The second fluid distribution membrane and the second 
heat transfer membrane define a second fluid circulation chamber. 

In one arrangement, the cap comprises a flexible material and the head-cooling 

15 device comprises a substantially rigid shell in communication with the outer surface of 
the cap. The rigid shell minimized expansion or "ballooning" of the cap when, for 
example, a positive gage pressure source applies a positive gage pressure to the fluid 
circulation space. 

In one arrangement, the fluid inlet and the fluid outlet each include a swivel joint 
20 configured to allow rotation of an inlet connector relative to the head-cooling device. 
The swivel joints, therefore, minimize kinking of an umbilical connecting the head- 
cooling device to a console (e.g., a console having a positive gage pressure source and a 
negative gage pressure source) during operation. 

In one arrangement, the head-cooling device includes a movement stabilizer 
25 component in communication with the outer surface of the cap. The movement 
stabilizer component contacts a support surface (e.g., a gumey or stretcher) and 
minimizes rotation of the patient's head during operation of the head-cooling device. 

In one arrangement, the aspiration channel defined by the first sealing member, 
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the second inner surface of the cap, and the second sealing member includes a fluid 
absorption material, such as a sponge or foam. The absorption material, for example, 
aids in directing the fluid from the fluid circulation space into the aspiration channel and 
maintains the fluid within the aspiration channel to minimize leakage of the fluid. 

5 In one arrangement, the head-cooling device has a third sealing member 

disposed on the inner surface of the cap about a circumference defined by the cap, the 
third sealing member oriented between the first sealing member and the second sealing 
member. The third sealing member creates a secondary seal between a patient's head 
and the head-cooling device during operation to minimize cooling fluid from flowing 

10 beyond the rim of the head-cooling device during operation. 

Another aspect of this invention relates to a method for rapidly inducing 
systemic hypothermia in a patient's body to a predetermined temperature and then 
maintaining the patient's body at the predetermined temperature for an extended period 
of time. The head of the patient is cooled by a head-rcooling device. Substantially 

1 5 simultaneously, the neck of the patient is cooled using a neck-cooling device for a 
period of time sufficient for at least some part of the patient's body to reach the 
predetermined temperature. Head cooling is then discontinued by de-activating or 
removing the head-cooling device from the patient's head. Neck cooling is continued in 
a manner sufficient to maintain at least some portion of the patient's body at the 

20 predetermined temperature for an extended period of time. 

In one arrangement, the invention relates to a tissue cooling device for inducing 
hypothermia. The tissue cooling device has a tissue covering portion having an outer 
surface and an inner surface and a first sealing member disposed on the inner surface of 
the tissue covering portion about an inner edge defined by the tissue covering portion. 

25 The first sealing member defines a first inner surface of the tissue covering portion and 
a second inner surface of the tissue covering portion, the first sealing member, the first 
inner surface of the tissue covering portion, and a first portion of a tissue region of 
interest define a fluid circulation space. The tissue cooling device has a second sealing 
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member disposed on the second inner surface of the tissue covering portion about an 
outer edge defined by the tissue covering portion. The first seahng member, the second 
inner surface of the tissue covering portion, and the second seaUng member define an 
aspiration channel. The tissue cooling device has a fluid inlet in communication with 

5 the fluid circulation space that is configured to receive a cooling fluid fi:om a fluid 

source via a positive gage pressure. The tissue cooling device has an aspiration channel 
outlet in communication with the aspiration channel that is configured to remove air 
from the aspiration channel, via a negative gage pressure, to seal the outer edge of the 
tissue covering portion to a second portion of the tissue region of interest. Such sealing 

10 of the outer edge of the tissue covering portion to a second portion of the tissue region 
of interest minimizes leaking of the cooling fluid beyond the outer edge of the tissue 
covering portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 5 The foregoing and other objects, features and advantages of the invention will be 

apparent from the following description of particular embodiments of the invention, as 
illustrated in the accompanying drawings in which like reference characters refer to the 
same parts throughout the different views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles of the invention, 

20 Fig. 1 depicts a cooling system showing a head-cooling device, a neck-cooling 

device, a body temperature sensor, and a console, according to one embodiment of the 
invention. 

Fig. 2 depicts the head-cooling device of Fig. 1, according to one embodiment of 
the invention. 

25 Fig. 3 depicts a sectional-view of the head-cooling device of Fig. 2, according to 

one embodiment of the invention. 

Fig. 4 depicts the head-cooling device in sectional view mounted on the head of 
a patient, according to one embodiment of the invention. 
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Fig. 5A depicts a side view of a body-surface cooling module under operational 
pressure, according to one embodiment of the invention. 

Fig. 5B depicts a front view of the body-surface cooling module, of Fig. 5 A, 
under operational pressure, according to one embodiment of the invention. 
5 Fig. 6 depicts a sectional view of the body-surface cooling module of Fig. 5 A 

showing the operational relationship between a heat transfer membrane, a cooling fluid 
distribution membrane, a fluid circulation space, fluid jets, and fluid channels. 

Fig. 7A depicts a side view of a body-surface cooling module, according to 
another embodiment of the invention. 
10 Fig. 7B depicts a sectional view of the body-surface cooling module of Fig. 7 A 

showing the fluid jets and the cooling fluid outlet port. 

Fig. 8 A depicts a side view of a body-surface cooling module, according to 
another embodiment of the invention. 

Fig. 8B depicts a sectional view of the body-surface cooling module of Fig. 8 A 
15 showing the fluid manifold, cooling fluid inlet port, and cooling fluid outlet port. 

Fig. 9A depicts a side view of a neck-cooling device, according to one 
embodiment of the invention. 

Fig. 9B depicts a front view of the neck-cooling device of Fig. 9A, according to 
one embodiment of the invention. 
20 Fig. lOA depicts a side view of a body-surface cooling appliance having 

multiple body-surface cooling modules, according to one embodiment of the invention. 

Fig. 10 B depicts a top view of the body-surface cooling appliance of Fig. lOA, 
according to one embodiment of the invention. 

Fig. IOC depicts a front view of the body-surface cooling appliance of Fig. lOA, 
25 according to one embodiment of the invention. 

Fig. 1 1 A depicts a schematic of a console, according to one embodiment of the 
invention. 

Fig. 1 IB depicts a schematic of the console, according to another embodiment of 
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Fig. 1 IC depicts a sectional view of a thermal battery, according to one 
embodiment of the invention. 

Fig. 1 ID depicts a sectional view of a fluid reservoir. 
5 Fig 12 illustrates a head-cooling device, according to another embodiment of the 

invention. 

Fig. 13 depicts a sectional view of the head-cooling device of Fig. 12, according 
to one embodiment of the invention. 

Fig. 14 depicts the head-cooling device of Fig. 12 in sectional view mounted on 
10 the head of a patient, according to one embodiment of the invention. 

Fig. 15 depicts a schematic of a console, according to another embodiment of the 
invention. 

Fig. 16 illustrates a perspective view of the head-cooling device of Fig. 12, 
according to one embodiment of the invention. 
15 Fig. 17 illustrates the head-cooling device having a rigid outer shell, according to 

one embodiment of the invention. 

Fig. 18 illustrates the head-cooling device having an inlet swivel joint, according 
to one embodiment of the invention. 

Fig. 19 illustrates the head-cooling device having handles, according to one 
20 embodiment of the invention. 

Fig. 20 illustrates the head-cooling device having a fluid inlet positioned in 
proximity to a fluid outlet, according to one embodiment of the invention. 

Fig. 21 illustrates a side view of the head-cooling device having a stabilizer 
mechanism, according to one embodiment of the invention. 
25 Fig. 22 illustrates the head-cooling device of Fig. 21, according to one 

embodiment of the invention. 

Fig. 23 illustrates the head-cooling device having a fluid distribution manifold, 
according to one embodiment of the invention. 
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Fig. 24 illustrates the fluid distribution manifold of Fig. 23, according to one 
embodiment of the invention. 

Fig. 25 illustrates a sectional view of an arm of the fluid distribution manifold of 
Fig. 23, according to one embodiment of the invention. 
5 Fig. 26 illustrates the head-cooling device having a third sealing member, 

according to one embodiment of the invention. 

Fig. 27 illustrates the third sealing member of Fig. 26, according to one 
embodiment of the invention. 

Fig. 28 illustrates the head-cooling device having a wicking material within a 
10 channel of the head-cooling device, according to one embodiment of the invention. 

Fig. 29 illustrates the head-cooling device having flow channels, according to 
one embodiment of the invention. 

Fig. 30 illustrates the head-cooling device of Fig. 29, according to one 
embodiment of the invention. 
1 5 Fig. 3 1 illustrates a fluid collection reservoir for a head-cooling device, 

according to one embodiment of the invention. 

Fig. 32 illustrates a side sectional view of a head-cooling device 1, according to 
one embodiment of the invention. 

Fig. 33 illustrates a top view of the head-cooling device of Fig. 32, according to 
20 one embodiment of the invention. 

Fig. 34 illustrates an umbilical for use with the head-cooling device of Fig. 32, 
according to one embodiment of the invention. 

Fig. 35 illustrates a console, according to one embodiment of the invention. 

Fig. 36 illustrates a flowchart of a procedure for using a cooling system, 
25 according to one embodiment of the invention. 

Fig. 37 illustrates a flowchart of a cooling system, according to another 
embodiment of the invention. 
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Fig. 38 illustrates an arrangement of the cooling system, according to one 
embodiment of the invention. 

Fig. 39 illustrates an arrangement of an inner Uner of the cooling cap of Fig. 38, 
according to one embodiment of the invention. 
5 Fig. 40 illustrates a front view of the cooling collar of Fig. 38, according to one 

embodiment of the invention. 

Fig. 41 illustrates a side view of the cooling collar of Fig. 38, according to one 
embodiment of the invention. 

Fig. 42 illustrates a sectional view of the cooling collar of Fig. 38, according to 
1 0 one embodiment of the invention. 



DETAILED DESCRIPTION 

Embodiments of the present invention provide techniques for inducing systemic 
hypothermia in a patient. A cooling system includes a console and a tissue covering 

1 5 device, such as a head-cooling device. An operator applies the head-cooling device to 
the head of a patient at risk for ischemic injury. The console provides a cooling fluid to 
a fluid circulation space located between the cooling device and the patient's head under 
a positive gage pressure. Direct contact between the cooling fluid and the patient's head 
provides a relatively rapid induction of systemic hypothermia in the patient, thereby 

20 minimizing or preventing ischemic injury in the patient. The console also removes air 
from a channel disposed about an inner rim of the cooling device, using a negative gage 
pressure. Such removal of the air from the channel seals the rim of the cooling device 
to the head of the patient, including portions of the channel in contact with hair of the 
patient's head, and minimizes leaking of the cooling fluid beyond the rim of the cooling 

25 device. 

Fig. 1 depicts an arrangement of a cooling system 100. The cooling system 
includes a tissue covering device, such as a head-cooling device 1, a console 2, a tissue 
covering device, such as a body-cooling device 6, and a body temperature sensor 10. 
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The head-cooling device 1 , in one arrangement, is removably connected to 
console 2 by umbilical 3 having, for example, a cooling fluid infusion tube 4 and a 
cooling fluid aspiration tube 5. The body-cooling device 6, such as a neck-cooling 
device 90, is removably connected to console 2 by umbilical 7 having, for example, a 

5 cooling fluid inlet tube 8 and a cooling fluid outlet tube 9. 

The body temperature sensor 10, in one arrangement, is removably connected to 
console 2 by a body temperature sensor lead 1 1 . The body temperature sensor 10 is 
configured to attach onto (e.g., on an outer surface) or within (e.g., within a natural 
orifice) a patient's body to measure the temperature of the patient during operation of 

10 the cooling system 100. In one arrangement, the body temperature sensor 10 is an 

esophageal temperature sensor configured to insert within an esophagus of a patient to 
measure core body temperature. In another arrangement, the body temperature sensor in 
a bladder temperature sensor or a tympanic temperature sensor configured to insert 
within a bladder or ear, respectively, of a patient. 

1 5 The console 2 has a cooling fluid supply, such as a reservoir 56, for provision of 

cooling fluid to the head-cooling device 1 and the body-cooling device 6 under positive 
gage pressure (e.g., from a pressure source or positive gage pressure source, such as a 
water pump, associated with the console 2). The console 2 also has, in one arrangement, 
a suction source or negative gage pressure source, such as an air pump, configured to 

20 scavenge cooling fluid from head-cooling device 1 and neck-cooling device 90. The 
console 2 also has, in one arrangement, a fluid cooling mechanism for cooling the fluid 
(e.g., after scavenging the cooling fluid from the head-cooling device 1 and the body- 
cooling device 6) and a flow rate adjustment mechanism to adjust the flow of cooling 
fluid from console 2 to the head-cooling device 1 and the body-cooling device 6 

25 according to signals received from the body temperature sensor 10, during operation, in 
order to control body cooling (e.g., the duration of application of cooling fluid to the 
patient during operation of the cooling system 100). In one arrangement, the console 2 
has a handle 14 that allows a user to grasp and transport the console 2 to a patient. 
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In one arrangement, electrical power is supplied to the console 2 by an internal 
power source, such as a rechargeable battery (e.g., such as illustrated in Fig. 1 1), and by 
an external power source connected to the console 2 by an AC power adapter (not 
shown). The battery allows a user (e.g., operator or emergency technician) to transport 

5 the cooling system 100 to a patient at risk for ischemic injury at a location outside of a 
hospital (e.g., at an emergency site where an external power source or supply, such as 
provided from a wall outlet, is unavailable). For example, during operation, the console 
2 provides cooling to a patient for greater than approximately 5 hours using internal 
power source. The console 2 then provides cooling to the patient for an indefinite time 

10 period using power from an extemal power supply, such as a wall outlet (e.g., after the 
patient is transferred to a patient care facility). 

During operation, upon presentation of a patient with an ischemic condition, the 
cooling system 1 GO is applied to the patient. For example, the head-cooling device 1 is 
placed on top of the patient's head and is secured using a chinstrap 12. The neck- 

15 cooling device 90 is applied to the patient's neck, such as by using Velcro fasteners 
(see Fig 9 for construction details). The body temperature sensor 10 is applied to the 
surface of the patient or inserted into a natural orifice of the patient (e.g., this step can 
be accomplished at a later time. In another arrangement, the system operates without the 
temperature sensor 10 prior to the patient's body reaching a pre-determined 

20 temperature). The head-cooling device 1, the neck-cooling device 90, and the body 
temperature sensor 10 are connected to the console 2. 

The fluid reservoir 56, as shown in Fig. 12, is filled with a cooling fluid, such as 
saline and brine ice, water and ice, saline, or water, for example. A user activates the 
system 10 by positioning the on/off switch 13 to the "on" position. In one arrangement, 

25 the console 2 of the cooling system 100 provides cooling fluid to the head-cooling 
device 1 via positive gage pressure and removes fluid from the head-cooling device 1 
via negative gage pressure. The cooling system 100 utilizes the body temperature 
sensor 10 (e.g., measurements taken by the temperature sensor 10) to modulate cooling 
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(e.g., provision of cooling fluid to the patient) in order to maintain the patient's body at 
a predetermined hypothermic temperature. For example, the console 2 provides cooling 
fluid to the head-cooling device 1 until the patient's body reaches a predetermined (e.g., 
preset) hypothermic temperature, as measured by the body temperature sensor 10, at 

5 which time the system modulates cooling by modulating the flow of cooling fluid to the 
head-cooling device 1 and the body-cooling device 6 according to signals received from 
body temperature sensor 10. 

In one arrangement, the console 2 forms a closed loop fluid circulation system 
between the head-cooling device 1 and the reservoir 56 of the console 56. Such a closed 

10 loop system allows continuous cooling of the cooling fluid, such as by a thermal battery 
342, as described below. In another arrangement, a user can operate the cooling system 
100 for an extended period of time by re-supplying the reservoir 56 with brine ice or ice 
to reduce the temperature of the cooling fluid within the reservoir 56. 

The cooling system 100 allows for relatively rapid induction of systemic 

1 5 hypothermia to a patient at risk of ischemic injury for minimization or prevention of 
ischemic injury in the patient. For example, the cooling system 100 allows for 
induction of protective levels of hypothermia in a brain of a patient at risk of ischemic 
injury. The cooling system 100 also allows for non-invasive application and induction 
of systemic hypothermia in the pre-hospital setting by emergency medical personnel 

20 with minimal specialized (e.g., surgical) skills. 

The cooling system 100 allows emergency medical personnel, in the pre-hospital 
setting, to relatively rapidly induce of systemic hypothermia in a patient to a 
predetermined temperature and maintain the systemic hypothermia for an extended 
period of time (e.g., after the patient arrives at the hospital). In one arrangement, the 

25 console 2 is sized to allow for portability of the cooling system 100 outside of the 

hospital setting to minimize ischemic injury in patients at-risk for ischemic injury prior 
to the patients arriving at the hospital. 
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Fig. 2 depicts an arrangement of the head-cooling device 1. Head-cooHng device 
1 includes a tissue covering portion, such as a head cap 15, a chinstrap 12, cooling fluid 
infusion tube 4, cooling fluid aspiration tube 5 (e.g., two bifurcated cooling fluid 
aspiration tubes 5 are shown which join into a single tube by a "Tee" connector - not 
5 shown), infusion manifold 16, and one or more aspiration manifolds 17 (e.g., aspiration 
channel outlets 252). Cooling fluid enters head-cooling device 1 through cooling fluid 
infusion tube 4 and infusion manifold 16 under positive gage pressure between 
approximately 2 and 40 PSI. In one arrangement, cooling fluid is removed from head- 
cooling device 1 by cooling fluid aspiration tubes 5 and aspiration manifold 17 under 

1 0 negative gage pressure between approximately -0. 1 and -1 0 PSI. Head cap 1 5 can be 
formed fi-om either a rigid structure molded from thermoplastic, such as nylon, vinyl, 
polycarbonate, or from a flexible structure molded from an elastomer such as silicone 
rubber. Chinstrap 12 holds head-cooling device 1 to the patient's head. 

Fig. 3 depicts, in sectional view, an arrangement of the head-cooling device 1 . 

15 The head cooling device 1 has a head cap 15 having an inner wall 19 having an inner 
surface 102, an outer wall 24 having an outer surface 104, fluid channels 18 formed 
between inner wall 19 and outer wall 24, and fluid jets 20 formed in outer wall 24 over 
fluid channels 18. 

The head-cooling device 1 has a first sealing member or inner seal 22 

20 disposed on the inner surface 102 of the cap 15 about an inner edge or circumference 
defined by the cap 15. The first sealing member 22 divides (e.g., defines) the inner 
surface 102 of the cap 15 into a first inner surface 106 and a second inner surface 108. 
In such a configuration, the first sealing member 22, the first inner surface 102 of the 
cap 15, and a first portion of a patient's head defines a fluid circulation space 25. The 

25 head-cooling device 1 also has a second sealing member 23 disposed on the second 
inner surface 108 of the cap 15 about an outer edge or rim 110 defined by the cap. In 
such a configuration, the first sealing member 22, the second inner surface 108 of the 
cap 15, and the second sealing member 23 define an aspiration channel, an aspiration 
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channel 21. 

The head-cooling device 1 has a fluid inlet 1 12, such as infusion manifold 16, in 
communication with the fluid circulation space 25 and configured to receive a cooling 
fluid from a fluid source via a positive gage pressure. In one arrangement, the infusion 
5 manifold 16 is bonded to the head cap 15 or, alternately is integrally molded into head 
cap 15. The infusion manifold 16 provides fluid commimication between cooling fluid 
infusion tube 4 (e.g., in fluid communication with the positive gage pressure source) and 
fluid channels 18. 

The head-cooling device 1 has an aspiration channel outlet, such as aspiration 

10 manifolds 17, in communication with the aspiration channel 21. The aspiration channel 
ouflet is configured to remove air from the aspiration channel 21, via a negative gage 
pressure, to seal the rim 1 10 of the cap 15 to a second portion 1 18 of the head 29. In 
one arrangement, the aspiration manifolds 17 are bonded to head cap 15 or, alternately, 
are integrally molded into head cap 15. The aspiration manifolds 17 provide fluid 

1 5 communication between cooling fluid aspiration tube 5 (e.g., in fluid communication 
with the negative gage pressure source) and aspiration channel 21. 

Fluid channels 1 8 distribute cooling fluid substantially throughout the head cap 
15 and communicate cooling fluid from infusion manifold 16 to, in one arrangement, 
fluid jets 20 that direct streams of cooling fluid at an angle substantially normal to the 

20 scalp of the patient. The fluid channels 18, in one arrangement, are be configured in a 
radial fashion where each channel 18 originates at the infusion manifold 16 and 
terminates prior to the aspiration channel 21 as shown. In another arrangement, the 
fluid channels 18 are configured as a series of circumferential channels in combination 
with radial channels. The fluid channels 1 8 are configured to provide distribution of 

25 cooling fluid through a substantially even distribution of fluid jets 20 throughout the 
head cap 15. In one arrangement, the fluid jets 20 are formed as perforations or holes in 
the inner wall 19 and are closed until pressure is applied. For example, the holes have a 
major diameter between approximately 0.005 and 0.030 inches. The fluid channels 18 
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provide distribution of the fluid to the patient's head such that the thickness or 
distribution of the hair on the head, face, or neck of the patient does not substantially 
affect (e.g., limit) cooling of the patient's head (e.g., does not substantially affect 
induction of hypothermia). 
5 Fig. 4 depicts, in one arrangement, a sectional view of the head-cooling device 

mounted on the head 29 of a patient showing the cooling fluid circulation space 25, the 
cooling fluid aspiration space 26, and the functional relationship between the cooling 
fluid circulation space 25 and the cooling fluid aspiration space 26. Cooling fluid 
circulation space 25 comprises the volumetric space between inner wall 19 (e.g., the 

10 first inner surface 102 of the cap 1 5), patient's scalp 28 (e.g., the first portion of the 

head 1 16 or first portion of the tissue region of interest), and inner seal 22 (e.g., the first 
sealing member), and includes the volumetric space occupied by the patent's hair 27 
within the defined cooling fluid circulation space 25. 

In one arrangement, during operation, the console 2 of the cooling system 100 

15 (e.g., the positive gage pressure source) maintains the fluid circulation space 25 (e.g., 
the region over the scalp and between the scalp and the head-cooling device 1) at a 
positive gage pressure. Typically, substantial contact between an inner surface 102 of a 
head-cooling device and the scalp results in diminished heat transfer effectiveness due 
to a reduction in the surface area of the scalp available for heat exchange with the 

20 cooling fluid. Positive gage pressure within the fluid circulation space 25 limits the 
ability for the inner surface 102 of the head-cooling device 1 to contact the patient's 
scalp (e.g., head), thereby maximizing the efficiency of the cooling fluid with respect to 
removal of heat from the patient's head 29. 

Cooling fluid aspiration space 26 includes the volumetric space between the 

25 patient's scalp 28 (e.g., the second portion of the head 1 18 or second portion of the 

tissue region of interest) and a space within aspiration channel 21 comprising iimer seal 
22, outer seal 23 and second irmer surface 108. The aspiration channel 21, in one 
arrangement, is molded fi-om an elastomer material such as silicone rubber. The 
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aspiration channel 21, in one arrangement, is disposed about the entire circumference of 
the inner surface 102 at the bottom edge 1 10 (e.g., rim) of the head cap 15 as shown 
and, in one arrangement, is sized such that the inner diameter of aspiration channel 21 as 
defined by the inner diameter of inner seal 22 and/or outer seal 23 is approximately 2 to 
5 30 percent smaller than the circumference of the patient's head 29. Since the 

circumference of the aspiration channel 21 is smaller than the patient's head 29, when 
the head cap 15 is placed on the patient's head, the inner seal 22, and the outer seal 23 
contacts the patient's scalp 28 with a force proportional to the difference in 
circumference between that aspiration channel 21 and the patient's head 29. In such an 

10 arrangement, the force generated by the aspiration channel 21 on the patient's head 
maintains the head cap 15 on the patient's head 29 during operation of the cooling 
system 100 and minimizes cooling fluid from leaking past the rim 1 10 of the head cap 
15 during operation. 

In one arrangement, the inner seal 22 is configured by geometry and material 

15 selection to resist the flow of fluid from fluid circulation space 25 through the hair 27 
into fluid aspiration space 26 such that cooling fluid in fluid circulation space 25 
remains at a positive gage pressure between approximately 0.1 and 10 PSI with a fluid 
flow into head cap 15 of between 0.1 and 1 .0 gallons per minute. The outer seal 23, in 
one arrangement, is configured by geometry and material selection to resist the flow of 

20 air through the hair 27 from outside head cap 15 into aspiration channel 21 such that, 
during operation, pressure within aspiration channel 21 is maintained at a negative gage 
pressure between approximately -0.1 and -10 PSI by the negative gage pressure source 
provided by console 2. Cooling fluid is scavenged completely from the head cap 15, via 
aspiration channel outlet, provided that the pressure within the aspiration channel 21 

25 remains at a negative gage pressure. 

For example, during operation the positive gage pressure source of the console 2 
provides cooling fluid, xmder positive gage pressure, to the cooling device via inlet 1 12. 
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The cooling fluid enters the infusion manifold 16 and travels through the fluid channels 
18 and, in one arrangement, through the fluid jets 20, into the fluid circulation space 25. 
The positive gage pressure source aids in maintaining the pressure within the fluid 
circulation space 25 between approximately 0.1 and 10 PSI. Also during operation, the 
negative gage pressure source of the console 2 removes air from within the aspiration 
channel 21 (e.g., from within the aspiration space), thereby sealing the rim 1 10 of the 
cap 15 against the second portion 1 18 of the head (e.g., a periphery of the tissue region 
of interest) to minimize leakage of the cooling fluid beyond the rim 1 10 of the cap 15. 

In one arrangement, the aspiration channel 21 receives cooling fluid from the 
fluid circulation space 25. For example, during operation cooling fluid enters the 
aspiration channel 21 by wicking through the patient's hair past the first sealing member 
22 (e.g., cooling fluid from the fluid circulation space 25 migrates, via the hair between 
the first portion 1 16 of the head and the second portion 118 of the head, into the 
aspiration channel 21). In such a case, the negative gage pressure applied to the 
aspiration channel 21 removes the cooling fluid from the aspiration channel 21 via the 
aspiration channel outlet (e.g., manifold 17). The aspiration channel 21, therefore, 
minimizes leakage of the cooling fluid beyond the rim 1 10 of the cap 15. 

Fig. 5A depicts a side view of generic body-surface cooling module 30 (e.g., 
tissue covering portion) of a tissue cooling device configured as a body-cooling device 6 
under operational pressure. Fig.5B depicts a front view of a generic body-surface 
cooling module 30 xmder operational pressure. The body-surface cooling module 30, in 
one arrangement, includes substrate 31, fluid distribution membrane 32, heat transfer 
membrane 33, fluid inlet fitting 34, fluid inlet tube 35, fluid outlet fitting 36 containing 
fluid outlet pressure relief valve 37 (not shown), and fluid outlet tubing. 

During operation, cooling fluid (not shown) enters body-surface cooling module 
30 at a gage pressure between approximately 5 and 20 PSI through fluid inlet tube 35 
and fluid inlet fitting 34. Fluid distribution membrane 32 directs jets of cooling fluid at 
the side of heat transfer membrane 33 that is opposite the side shown (see Figs. 6, 7, 8 & 
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9 for construction details). Cooling fluid exits body-surface cooling module 30 through 
fluid outlet pressure relief valve 37, fluid outlet fitting 36, and fluid outlet tube 38. Fluid 
outlet pressure relief valve is constructed such that a backpressure is maintained in the 
body-surface cooling module between approximately 0.2 and 5 PSI gage. Back 
5 pressures within body-surface cooling module 30 causes heat transfer membrane 33 to 
distend and contact a body surface of the patient. The construction of substrate 31 is 
determined by the location on the patient's body where the body-surface cooling module 
30 is to be applied. The substrate 31, in one arrangement, is configured with straps and 
fasteners having particular geometric shapes in order to accommodate specific parts of 
10 the body. For example, Fig 9 depicts a substrate comprising a collar intended for neck 
cooling. 

Fig. 6 depicts in sectional view the construction details and operational function 
of a generic body-surface cooling module 30. Cooling fluid (not shown) enters fluid 
channels 41 (e.g., such as formed by adhesive bonding, via adhesive 42, of fluid 

1 5 distribution membrane 32 and substrate 3 1) under positive gage pressure of, for 

example, about 5 to 20 PSI through fluid inlet tube 35 and fluid inlet fitting 34. Cooling 
fluid exits fluid channels 41 through fluid jets 39 into fluid circulation chamber 44 (e.g., 
formed between fluid distribution membrane 32 and heat transfer membrane 33) 
substantially perpendicular to the heat transfer membrane 33. The fluid is maintained at 

20 a predetermined gage pressure between approximately 0.2 and 5 PSI by outlet pressure 
relief valve 37, not shown. Since cooling fluid pressure within fluid channels 41 is at a 
higher pressure than cooling fluid pressure within fluid circulation chamber 44, cooling 
fluid from the jets is accelerated by the difference in pressure. The jets of fluid 40 are 
directed at the inner surface of heat transfer membrane 33 and create fluid turbulence at 

25 the inner surface of heat transfer membrane 33 (e.g., providing a relatively high 

Reynolds number at the surface of the heat transfer membrane while maintaining a low 
and positive fluid gage pressure within the fluid chamber). Such turbulence increases 
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the heat transfer from the patient's body, across heat transfer membrane 33, and into 
cooling fluid contained in fluid circulation chamber 44. 

The amount of fluid turbulence at the inner surface of heat transfer membrane 33 
is a function of the fluid pressure differential between pressure in fluid chaimels 41 and 
5 the pressure in fluid circulation chamber 44 and the number and spacing of fluid jets 39, 
and the size of fluid jets 39. A pressure differential of between approximately 5 and 15 
PSI with a fluid jet 39 spacing of between approximately 0.25 and 0.5 inches in a 2 
dimensional grid, and a fluid jet 39 diameter between approximately 0.10 and 0.040 
inches will provide sufficient turbulence at the inner surface of heat transfer membrane 

10 33 to effect efficient heat transfer. 

Substrate 31, fluid distribution membrane 32, heat transfer membrane 33, fluid 
inlet fitting 34, and fluid outlet fitting (not shown) may be molded from silicone rubber 
by conventional processes and may be assembled as shown using silicone adhesive 42. 
In one arrangement, the heat transfer membrane 33 has a thickness between 

15 approximately 0.001 and 0.015 inches. In one arrangement, the fluid distribution 

membrane has a thickness between approximately 0.06 and 0.18 inches. The fluid inlet 
tube 35 and fluid outlet tube, in one arrangement, have an inner diameter between 
approximately 0.12 and 0.38 inches, and may be made of an elastomer material, such as 
silicone rubber, or a thermoplastic material such as nylon, vinyl, or polycarbonate. Fluid 

20 inlet tube 35 and fluid ouflet tube 38 can be insulated with foam rubber, for example. 
Fluid inlet tube 35 and fluid outlet tube 38 may be integrated into a single assembly to 
form an umbilical. 

Fig. 7A depicts a side view of an unpressurized body-surface cooling module 30. 
Fig. 7B depicts in sectional view between heat transfer membrane 33 and fluid 
25 distribution manifold 32 showing the surface of fluid distribution manifold 32 and the 
distribution of fluid jets 39, and fluid outlet port 45. Fluid jets 39 are arranged in a 
substantially even distribution about the face of fluid distribution membrane 32, as 
shown. Fluid outlet port 45 provides fluid communication from fluid circulation 
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chamber 44 (see Fig. 6) to fluid outlet pressure relief valve 37, fluid outlet fitting 36, 
and fluid outlet tube 38. 

Fig. 8A depicts a side view of a generic body-surface cooling module 30 un- 
pressurized. Fig. SB depicts in sectional view of generic body-surface cooling module 
5 30 showing fluid manifold 43 of fluid distribution membrane 32 comprising multiple 
fluid channels 41, and fluid inlet port 46. The fluid manifold 43 distributes cooling 
fluid to the fluid jets 39 (see Fig. 7B). Fluid inlet port 46 communicates cooling fluid 
from fluid inlet tube 35 and fluid inlet fitting 34 to fluid manifold 43. 

Fig. 9A depicts a side view of the body-cooling device 6 configured as a neck- 

10 cooling device 90. Fig 9B depicts a top view of the neck-cooling device 90. Neck- 
cooling device 90 has a collar 47 (equivalent to substrate 31 in Figs. 5, 6, 7 & 8), a first 
body-surface cooling module 30-1, and a second body-surface cooling module 30-2. For 
the neck-cooling device 90, each body-surface cooling module 30-1, 30-2 is 
approximately 3.5 inches high, approximately 2 inches wide, and approximately 0.12 

1 5 inches thick. The two body-surface cooling modules 30 are spaced approximately 1 .5 
inches apart centered on either side of the chin cutout 48. 

In one arrangement, the first body-surface cooling module 30-1 is configured to 
cover a first neck portion (e.g., constructed to cool the surface of the neck of the patient 
in the vicinity of the left carotid artery and the left jugular vein) and the second body- 

20 surface cooling module 30-2 is configured to cover a second neck portion (e.g., 
constructed to cool the surface of the neck of the patient in the vicinity of the right 
carotid artery and the right jugular vein). In such an arrangement, the neck-cooling 
device effectively cools the blood flowing through the carotid arteries and jugular veins 
without substantially cooling the major muscles in the back of the neck thereby 

25 minimizing muscle spasm that result from substantial cooling of the major muscles of 
the neck. 

To apply to the neck-cooling device 90 to the patient, in one arrangement, the 
cooling modules are placed over the throat of the patient with each cooling module 
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positioned on either side of the Adams Apple. The collar is then fastened behind the 
neck with the Velcro loop pad 50, and Velcro hook pad 49. Fluid inlet tubes 35 from 
each module may be joined by a "tee" fitting or integrally formed manifold into a single 
conduit. Fluid outlet tubes 38 from each module may be joined by a tee fitting or 
5 integrally formed manifold into a single conduit. Fluid inlet and fluid outlet conduits 
may then be assembled into a single umbilical. 

Fig. lOA depicts a side view of an arrangement of body-surface cooling 
appliance 51 having multiple (4 in this example) body-surface cooling modules 30. Fig 
lOB depicts a front view of body-surface cooling appliance 51. Fig IOC depicts a second 

1 0 side view of body-surface cooling appliance 5 1 . 

In one arrangement, the body-surface cooling appliance 5 1 has substrate 3 1 , 
multiple module fluid distribution membrane 52, multiple module heat transfer 
membrane 53, four fluid inlet tubes 35, four fluid ouflet tubes 38, four fluid inlet fittings 
34, four fluid outlet fittings 36 containing four outlet pressure relief valves 37, and 

15 adhesive 42. The multiple module fluid distribution membrane 52 is molded, for 
example, with four fluid manifolds 43, four fluid inlet ports 46, and four fluid outlet 
ports 45 (see Figs.SA and 8B). Each fluid manifold 43, fluid inlet port 46, and fluid 
ouflet port 45 are configured as a single body-surface cooling module in a four-quadrant 
arrangement as shown. The multiple module heat transfer membrane 53 is sized to 

20 match the size of multiple module fluid distribution membrane 52, and is bonded to 
multiple module fluid distribution membrane 52 using silicone adhesive 42 in the 
pattem shown to form four separate fluid circulation chambers 41 (see Fig.6). Each 
individual cooling module has its own fluid inlet and fluid outlet means previously 
described. Various body-surface cooling appliances may be constructed using the 

25 multiple cooling module construction technique disclosed above including cooling 
blankets, cooling vests, cooling trousers, and cooling suits. 

Fig. 1 1 A depicts, in schematic form, an arrangement of the console 2. The 
console 2 has a case or housing 55, reservoir 56, battery 57, a controller (e.g., such as a 
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processor and memory) or mother board 58, negative gage pressure source (e.g., 
aspiration pump) 59, positive gage pressure source (e.g., fluid infusion pump) 60, fluid 
control valve 61, on/off switch 13, fluid tube connectors 78, 82, 83, & 84, temperature 
sensor connector 64, aspiration pump outlet 65, and battery recharger receptacle 66. 
5 In one arrangement, the console case 55 has a molded plastic structure that 

mechanically integrates all system components described above into a single small 
portable unit as shown. Console case includes carrying handle 14, and feet 68. Carrying 
case 55 may be fabricated from molded plastic, sheet metal, or a combination of molded 
plastic and sheet metal. The console 2, in one arrangement is sized (e.g., has 

10 dimensions) and has a weight that provides portability to the console 2 and allows a 
user, such as an emergency medical technician, to transport the console 2 to a patient at 
risk of ischemic injury (e.g., a patient with cardiac arrest, a patient with acute 
myocardial infarction, a patient with brain trauma, or a patient with stroke) and provide 
hypothermia therapy to the patient prior to the patient's arrival at a hospital. 

15 In one arrangement, the reservoir 56 is a scalable, insulated compartment within 

carrying case 55. In one arrangement, the reservoir 56 is removable from the console 2. 
For example, the reservoir 56 has a volume of approximately two US gallons. Access 
door 69 including latch 70, and water/air tight seal 71 provide a means for filling the 
reservoir 56 with cooling fluid (e.g., saline 72 and brine ice 73) prior to use, and 

20 draining the reservoir 56 once hypothermia therapy is completed. Access door 69 is 
closed thereby sealing reservoir 56 during operation of the system. Reservoir 56 
includes fluid vacuum tube 74 which provides a fluid conduit between the air space 77 
at the top of reservoir 56 and suction port 75 of aspiration pump 59, reservoir aspiration 
tube 76 provides a fluid conduit from the air space 77 at the top of reservoir 56 to 

25 aspiration tube coupling 78, suction tube 79 provides a fluid conduit from the bottom of 
reservoir 56 to low pressure port 80 of fluid infusion pump 60, and fluid retum tube 81 
which provides a fluid conduit between reservoir 56 and fluid outlet tube coupling 82. 
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The negative gage pressure source (e.g., aspiration pump) 59, for example, is a 
centrifugal air pump and pumps air from air space 77 in reservoir 56 out of carrying 
case 55 through air vent 65 as shown thereby causing a partial vacuum in air space 77. 
In one arrangement the aspiration channel 21 is in fluid communication, via aspiration 

5 tube 5, with the air space 77 having the vacuxun. In such a configuration, the vacuum 
creates the negative gage pressure within the aspiration channel 21. 

The aspiration pump 59 has a power of approximately 1/20 to 1/3 of a 
horsepower. In one arrangement the infusion pump 60 is a positive displacement liquid 
pump, such as a vane pump. Infusion pump 60 pumps saline from reservoir 56 to fluid 

10 infusion tube coupling 83 through fluid flow control valve 61 and to fluid inlet tube 
coupling 84 under a positive gage pressure between approximately 10 and 25 PSI. The 
pressure of the fluid supplied to fluid infusion tube coupling 83 and fluid inlet tube 
coupling 84 can be controlled by adjusting the speed of the motor of infusion pump 60 
by motherboard 58 or by a pressure relief/bypass valve (not shovra). 

1 5 In one arrangement, the fluid flow control valve 60 controls the flow of fluid 

from console 2 to head-cooling device 1 in an on/off manner. Fluid flow control valve 
61 can be a solenoid actuated liquid valve. In one arrangement, motherboard (e.g., 
controller) 58 has electronic circuits that control the operation of all electrical 
components of the system by embedded hardware or software logic. A predetermined 

20 therapeutic body temperature can be embedded into the control logic of the motherboard 
58, or can be set by the user by a user control setting on the console 2 (not shown). The 
motherboard 58 can also receive signals from other system sensors to provide safety 
interlocks, or to provide additional therapeutic functional controls. Temperature sensor 
connector 64 provides a removable connection between body temperature sensor lead 

25 1 1 and console 1. Fluid couplings 78, 82, 83, and 84 include a receptacle mounted on 
carrying case 55, and a plug mounted on corresponding fluid tube. The receptacle and 
the plug of each coupling contain a valve such that when the plug and the receptacle are 
not coupled the valve in the receptacle and the valve in the plugs close preventing fluid 
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from escaping from the console 1 through the receptacle, or from the fluid tube trough 
the plug. There are several lines of such valved couplings commercially available. 
Battery 57 is rechargeable through an extemal power adapter (not shown) that may be 
connected to the console 2 by receptacle 66. 
5 In one arrangement, the cooling system 100 fimctions as described below. The 

head-cooling device 1, body-cooling device 6, and temperature sensor 10 are placed on 
a patient. The fluid tubes 4, 5, 8, and 9 and temperature sensor lead 1 1 are connected to 
console 2. The reservoir 56 is filled with cooling fluid, such as approximately 10 pounds 
of brine ice 73 and two quarts of saline 72 or equivalent amounts of ice and water. 

10 Access door 69 is shut and sealed using latch mechanism 70. The on/off switch 13 is 
positioned to the "on" position which causes the motherboard 58 to open fluid control 
valve 61 and activate aspiration pump 59 and fluid infusion pump 60. Aspiration pump 
59 causes a partial vacuum in air space 77 resulting in a vacuum in aspiration channel 
21 of head-cooling device 1 which therefore results in fluid retum from head-cooling 

15 device to reservoir 56 as previously described. Simultaneously, fluid inftision pump 60 
is supplying cold saline 72 to head-cooling device 1 and body-cooling device 6 under 
pressure. Fluid retums from the body-cooling device 6 to reservoir 56 passively by 
means shown. 

Once the patient's body temperature reaches the predetermined temperature as 
20 sensed by body temperature sensor 10, motherboard 58 closes fluid control valve 61 
thereby stopping the flow of cold saline to head-cooling device 1 and the flow of cold 
saline is continued to body-cooling device 6. Body temperature is maintained at 
predetermined temperature according to body temperature sensor 10 by modulating the 
speed of the motor of infusion pump 60, or by modulating infusion pump 60 "on" or 
25 "off to control body temperature. Head-cooling device 1 may be removed from the 
patient once the predetermined body temperature is reached. Ice is replenished in 
reservoir 56 as required. Console may be plugged into a wall outlet using an AC adapter 
(not shown) once the patient reaches the hospital and run indefinitely. Once the therapy 
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is completed the on/off switch 13 is moved to the "off' position, and body-cooling 
device 6 and head-cooling device 1 is removed from the patient. 

During operation, the positive gage pressure source (e.g., fluid infusion pump) 
60 supplies cooling fluid from the cooling fluid reservoir 56 to the head-cooling device 
5 1 under positive gage pressure. The negative gage pressure source (e.g., aspiration 

pump) 59 scavenges cooling fluid fi-om the head-cooling device 1 (e.g., via cooling fluid 
wicking through the patient's hair and into the aspiration channel 21). The controller 58 
receives temperature signals from the body temperature sensor (e.g., via the temperature 
sensor connector 64). Based upon the temperature signals, the controller 58 (e.g., a 
10 temperature control circuit associated with the controller) adjusts the positive gage 
pressure source 60, negative gage pressure source 59, or the cooling fluid flow control 
valve 61 to increase or decrease the amount of cooling fluid provided to the patient and 
thereby control cooling of the patient. 

Fig. 1 IB depicts another arrangement of the console 2 in schematic form. The 
1 5 console 2 has a housing or case 340 that has a cooling fluid reservoir 341 , thermal 
battery 342, electrical battery 343, air pump 344, water pump 345, on/off switch 346, 
pressure switch 347, head-cooling device aspiration tube receptacle 348, body-cooling 
device fluid return tube receptacle 349, cooling cap fluid inlet tube receptacle 350, 
body-cooling device fluid inlet tube receptacle 351, air vent 353, vacuum tube 354, 
20 aspiration tube 355, fluid tubes 356, 357, 358, 359 and 360, wires 361, 362, 363, 364, 
365, 366, and 367, and 369, and electrical contacts 37. 

The reservoir 341 is air-tight and, in one arrangement, contains a cooling fluid, 
such as saline 368, and air 369. The air pump 344, when activated, pumps air 369 from 
reservoir 341, through vacuum tube 354, out of case 340 trough air vent 353 which 
25 creates a pressure within reservoir 341 below atmospheric pressure. The water pump 
345, when activated, pumps saline 368 from reservoir 341, through thermal battery 342, 
to head-cooling device 1 and body-cooling device 6 and back to reservoir 341 through 
aspiration tube 355, and fluid tube 356. Thermal battery 342 removes heat from the 
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saline 368 as the saline 368 traverses through the thermal battery 342, thereby lowering 
or reducing the temperature of the saline 368 (e.g., cooling fluid). The electrical battery 
343 provides electrical power to air pump 344 and water pump 345, and may be 
recharged by an external charging source through electrical contacts 307 mounted on the 
5 external surface of the console case 340. 

In one arrangement, the air pump 344 aspirates the head-cooling device 1 (e.g., 
the aspiration channel 21) and the water pump 345 supplies saline 368 under pressure to 
the head-cooling device 1 and body-cooling device 6. The thermal battery 342 is 
configured to cool the saline 368 during operation. The cooling cap aspiration tube 

10 receptacle 348 is mounted on console case 340, and provides removable connection of 
the cooling fluid aspiration tube 5 to the console 2. The body-cooling device fluid retum 
tube receptacle 349 is coupled to the console case 340 and provides removable 
connection of the cooling fluid outlet tube 9 to the console 2. The cooling cap fluid inlet 
tube receptacle 350 is mounted on console case 340 and provides removable connection 

15 of cooling cap 1 a cooling fluid infusion tube 4 to console 2. The body-cooling device 
fluid tube receptacle 351 is mounted on console case 340 and provides removable 
connection of the cooling fluid inlet tube 8 to console 2. Receptacles 348, 349, 350 and 
351 provide a valve mechanism where when a respective tube is connected to 
receptacle, fluid communication is provided between the tube and the receptacle, and 

20 where if a tube is not connected to the receptacle, a valve within the receptacle closes 
and prevents fluid conmiunication outside of console 2. 

Fluid tube 355 provides fluid communication between cooling cap aspiration 
tube receptacle 348 and reservoir 341, as shown. Fluid tube 356 provides fluid 
communication between cooling collar fluid retum tube receptacle 349 and reservoir 

25 341 as shown. Fluid tube 357 provides fluid communication between reservoir 341 and 
water pump 345 as shown. Fluid tube 358 provides fluid communication between water 
pump 345 and thermal battery 342 as shown. Bifurcated fluid tube 359 provides fluid 
communication between thermal battery 342 and cooling cap fluid inlet tube receptacle 
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50 and cooling collar fluid inlet tube receptacle 51 as shown. Wire 361 connects the 
negative terminal of electrical battery 343 to a first recharging contact 307. Wire 362 
connects positive terminal of electrical battery 343 to a second recharging contact 307. 
Wire 63 connects positive terminal of battery 343 to one terminal of on/off switch 346. 
5 Wire 364 connects the second terminal of on/off switch 346 to positive terminal of air 
pump 344. Wire 365 connects positive terminal of air pump 344 to one terminal of 
pressure switch 347. Wire 366 connects second terminal of pressure switch 347 to 
positive terminal of water pump 345. Wire 367 connects negative terminal of water 
pump 345 to negative terminal of battery 343. Wire 370 connects negative terminal of 

10 air pump 344 to negative terminal of water pump 345. 

During operation of the body cooling system 100 using the console 2 of Fig. 
1 IB, a user fits a head-cooHng device 1 and a body cooHng device 6 is fitted to a 
patient. The user connects the umbillicals 3,7 of the head-cooling device 1 and body- 
cooling cooling to receptacles 348, 349, 350 and 351. The user places the on/off switch 

1 5 346 into the "on" position to activate the air pump 44. The pressure switch 347 moves 
fi-om the normally open position to the closed position and activates water pump 345 
once pressure within reservoir 341 is reduced by operation of air pump 344 to a preset 
pressure of between approximately 1 to 10 PSI below atmospheric pressure. If pressure 
within reservoir 341 rises above the preset pressure stated above, pressure switch 347 

20 moves from the closed position to the normally open position and deactivates water 
pump 45. The user moves the on/off switch 346 to the off position once hypothermia 
therapy is concluded and removes the cooUng cap 1 and body cooling device 8 firom the 
patient. 

Fig. lie depicts an arrangement of the thermal battery 342 of Fig. 1 IB. The 
25 thermal battery 342 has a housing 372, heat exchanger 371 having a heat exchanger tube 
375 and, optionally, heat exchanger fins 374, a fluid inlet fitting 376, a fluid outlet 
fitting 377, cooling medium 373, and a handle 378. The housing 372 contains heat 
exchanger 371 and cooling medium 373 and, in one arrangement, is molded from a 
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polymer such as high-density polyethylene. Cooling medium 373, in one arrangement, is 
a liquid solution or water having the property of freezing and melting at a constant 
temperature. Heat exchanger 371 consists of a length of heat exchanger tube 375 which 
provides a fluid path for saline 368 internal to housing 732 where heat exchanger tube 
5 375 is surrounded by and in thermal contact with cooling medium 373. In one 
arrangement, the heat exchanger tube 375 is constructed from stainless steel tubing 
having an inner diameter between approximately 0.25 inches and 0.5 inches and a wall 
thickness between approximately 0.005 and 0.020 inches. The shape heat exchanger 
tube 375 may be serpentine as shown or some other shape. The straight-line length of 

10 heat exchanger tube 375 is between 12 inches and 120 inches. Metal heat exchanger fins 
374 may be bonded to heat exchanger tube 375 to enhance heat transfer from cooling 
medium 373 to saline 368 as it passes through heat exchanger tube 375. Housing 372 is 
constructed so that thermal battery 342 functions as a cassette and may be placed into, 
and removed from console 2. Console 2 is designed to receive thermal battery 342 as a 

1 5 cassette and is configured to provide easy user access to thermal battery 342 and is 

configured to provide thermal insulation to thermal battery 342 to prevent absorption of 
ambient heat. Fluid inlet fitting 376, and fluid outlet fitting 377, provide fluid 
connection to console 2 and mate with receptacles in console 2. Handle 378 facilitates 
placement and removal of thermal battery 342 from console 2. 

20 In one arrangement, a user charges the thermal battery 342 by placing the 

thermal battery 342 into a freezer for a period of time sufficient to convert cooling 
medium 373 from a liquid state to a solid state. Cooling medium 373 reverts back to a 
liquid state during use in patient cooling by absorbing heat from the patients body as 
transferred to the thermal battery 342 by circulation of saline 368 as previously 

25 described. In one arrangement, the cooling medium 373 is formulated to freeze and melt 
at a temperature between approximately -15 and + 10 degrees centigrade. Cooling 
medium 373, for example, is a solution of salt water, a solution of water and another 
substance, or is water. In one arrangement, the thermal battery 342 contains between 1 
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and 10 pounds of cooling medium 373, and provides for patient cooling for a duration 
of between approximately 15 and 240 minutes. 

Fig. 1 ID depicts an arrangement of the reservoir 341 of Fig 1 IB. The reservoir 
341 has a housing 79, containing saline 368 and air 369, fluid outlet pipe 380, fluid 
5 return pipe 381, aspiration pipe 382, vacuum pipe 383, cage 384, ball 385, fluid outlet 
pipe fitting 386, fluid return pipe fitting 387, aspiration pipe fitting 388, and vacuum 
pipe fitting 389. Housing 379 is molded from a suitable polymer, such as high-density 
polyethylene, and has a fluid capacity of 1 to 4 liters. Fluid outlet pipe 380 and fluid 
outlet pipe fitting 386 provides connection to the low-pressure side of water pump 345 

10 and is analogous to fluid tube 357. Fluid return pipe 381 and fluid retum pipe fitting 387 
provide connection to cooling collar fluid retum tube receptacle 349 and is analogous to 
fluid tube 356. Aspiration pipe 382 and aspiration pipe fitting 388 provides connection 
to cooling cap aspiration tube receptacle 348 and is analogous to fluid tube 355. 
Vacuum pipe 383 and vacuum pipe fitting 389 provide connection to the low pressure 

15 side of air pump 44 and is analogous to vacuum tube 354. Ball 384 is buoyant in water 
and is held in close proximity of the intemal end of vacuum pipe 383 by cage 385. Ball 
384 and cage 385 fiinction as a valve to prevent any saline fi"om being drawn into 
vacuum tube 383 in the event the reservoir 341 does not remain upright as shown. 
Housing 379 is constructed so that reservoir 341 functions as a cassette and may be 

20 placed into, and removed from console 2. Console 2 is designed to receive reservoir 341 
as a cassette and is configured to provide easy user access to reservoir 341, and is 
configured to provide thermal insulation to reservoir 41 prevent absorption of ambient 
heat. Connection of the reservoir 341 to apparatus contained in console 2 as described 
above is provided by a receptacle (not shown) that is integral with console 2. 

25 Fig. 12 depicts another arrangement of the head-cooling device 1 (e.g., tissue 

cooling device). Head-cooling device 1 includes a tissue covering portion or head cap 
15, chinstrap 12, cooling fluid infusion tube 4, infusion manifold 16, air manifold 17, 
and air tube 5. Head cap 15 may be either a rigid structure molded fi-om thermoplastic 
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such as nylon, vinyl, or polycarbonate, or may be a flexible structure molded from an 
elastomer such as silicone rubber. Chinstrap 12 holds head-cooling device 1 to the 
patient's head 29. 

Cooling fluid enters head-cooling device 1 through cooling fluid infusion tube 4 
5 and infusion manifold 16 under positive gage pressure between approximately 0.2 and 
40 PSI. Cooling fluid exits head-cooling device 1 by a fluid outlet 130 in 
communication with the cap 15 and in fluid communication with the fluid circulation 
space 25. For example, in one arrangement, the fluid outlet 130 includes a fluid retum 
manifold 134 and a cooling fluid retum tube 132. The fluid outlet 130 is configured to 

1 0 allow egress of the cooling fluid from the fluid circulation space 25. For example, in 
one arrangement, the fluid outlet 130 allows the cooling fluid to exit the fluid 
circulation space 25 under a positive gage pressure between approximately 0.2 and 2 
PSL A check valve 136 (e.g., as illustrated in Fig. 13) forms part of the fluid retum 
manifold 134 and operates to maintain a positive gage pressure within head-cooling 

15 device 1 (e.g., within the fluid circulation space 25) so that a siphoning effect, and 
resulting negative gage pressure within head-cooling device 1 is prevented. 

Fig 13 depicts, in sectional view, the construction of head cap 15 of head- 
cooling device 1 . Head cap 15 has inner wall 19, outer wall 24, fluid channels 18 
formed between inner wall 19 and outer wall 24, fluid jets 20 formed in inner wall 19 

20 over fluid channels 1 8, channel 21 formed by inner seal 22 and outer seal 23 and outer 
wall 24. Infusion manifold 16 is bonded to head cap 15 or may be integrally molded into 
head cap 15. Infusion manifold 16 provides fluid communication between cooling fluid 
infusion tube 4 and fluid channels 18. Fluid retum manifold 134 is bonded to head cap 
15 or may be integrally molded into head cap 15. Fluid retum manifold 134 provides 

25 fluid communication between cooling fluid retum tube 132 and fluid circulation space 
25 (see Fig. 14). Air manifold 17 is bonded to head cap 15 or may be integrally molded 
into head cap 15. Air manifold 17 provides fluid communication between air tube 5 and 
channel 21 (see Fig. 13 & 14). 
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Fig. 14 depicts in sectional view the head-cooling device mounted on the head of 
a patient showing the cooling fluid circulation space 25, air space 26, and the functional 
relationship between the cooling fluid circulation space 25 and the air space 26. Cooling 
fluid circulation space 25 includes the volumetric space between inner wall 19, patient's 
5 scalp 28, and inner seal 22, and includes the volumetric space occupied by the patent's 
hair 27 within the just defined cooling fluid circulation space 25. The air space 26 
includes the volumetric space between the patient's scalp 28 and channel 21 comprising 
inner seal 22, outer seal 23 and outer wall 24, and is maintained at a higher gage 
pressure than fluid in circulation space 25. Channel 21 is molded from an elastomer 

1 0 material such as silicone rubber. 

In one arrangement, during operation, the air manifold 17 connects, via air tube 
5, to a positive gage pressure source that, in one arrangement, provides pressurized air 
to the channel 21 . The pressure within the channel 21 is greater than the pressure within 
the fluid circulation space 25, thereby sealing the rim 110 of the cap 15 to the patient's 

15 head. Inner seal 22 is configured by geometry and material selection to resist the flow 
of pressurized air from channel 21 through the hair 27 into fluid circulation space 26 
such that pressurized air in channel 21 remains at a higher gage pressure than fluid in 
circulation space 25. Since air in channel 21 is at a higher gage pressure than fluid in 
circulation space 25, fluid in circulation space 25 is prevented from exiting fluid 

20 circulation space 25 through inner seal 22. Outer seal 23 is configured by geometry and 
material selection to resist the flow of air through the hair 27 from inside channel 21 
such that pressure within aspiration channel is maintained at a positive gage pressure 
between approximately 0.2 and 10 PSI by an air pressurization source (e.g., positive 
gage pressure source) provided by console 2. Cooling fluid is scavenged from the head 

25 cap 1 5 through fluid return tube 1 32 provided that the pressure within channel 21 
remains at a positive gage pressure greater than the gage pressure within fluid 
circulation space 25. 
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Fig. 15 depicts in schematic form, an arrangement of the portable console 2 for 
use with the cooling device illustrated in Figs. 12-14. The portable console 2 has a 
housing or console case 55, reservoir 56, battery 57, mother board 58, compressor 59, 
fluid infusion pump 60, on/off switch 13, fluid tube connectors 178 and 183, air tube 
5 connector 1 82, temperature sensor connector 64, and battery recharger receptacle 66. 
Fluid couplings 178, 182, and 183 comprise a receptacle mounted on carrying case 55, 
and a plug mounted on corresponding fluid tubes 132, 5, and 4. 

A vent (not shown) is provided within the reservoir so that reservoir 56 remains 
at ambient pressure at all times. Suction tube 79 provides a fluid conduit from the 

1 0 bottom of reservoir 56 to low pressure port 80 of fluid infusion pump 60, and fluid 

retum tube 81 which provides a fluid conduit between reservoir 56 and fluid return tube 
coupling 78. Compressor 59 may be a centrifugal air pump and pumps air under positive 
pressure to channel 21 (Figure 13 & 14). Compressor 59 has a power of approximately 
1/20 to 1/3 of a horsepower. Infusion pump 60 is a positive displacement liquid pump, 

1 5 such as a vane pump. 

During operation, the infusion pump 60 pumps a cooling fluid from reservoir 56 
to fluid inlet tube coupling 183 under a positive gage pressure between approximately 2 
and 25 PSL The pressure of the fluid supplied to fluid infusion tube coupling 183 can be 
controlled by adjusting the speed of the motor of infusion pump 60 by motherboard 58 

20 or can be controlled by a pressure relief/bypass valve (not shown). A positive gage 

pressure pump 80, such as an air pump, provides air to the chaimel 21 via connector 183 
and tube 4 to pressurize the channel 21 and seal the cap 15 to the patient's head. Also 
during operation, fluid returns to the console 2 from the fluid circulation space 25, 
defined by the head-cooling device 1, via the fluid retum tube 132. For example, in one 

25 arrangement, the cooling fluid exits the head-cooling device 1 when the pressure within 
the fluid circulation space 25 causes the valve 136 within the fluid retum manifold 134 
to open. In another arrangement, the fluid exits the head-cooling device 1 and retums to 
the console 2 via gravity (e.g., a gravity feed system). 
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Returning to Figs. 12-14, in one arrangement, during operation, the air manifold 
17 connects, via air tube 5, to a negative gage pressure source that removes air from the 
channel 21 . During operation, the pressure within the channel 21 (e.g., aspiration 
channel) is less than the pressure within the fluid circulation space 25, thereby sealing 
the rim 1 10 of the cap 15 to the patient's head. Such sealing maintains the cooling fluid 
within the fluid circulation space 25 and minimizes leakage of the fluid past the rim 1 10 
of the cap 15. In such a configuration, cooling fluid exits the head cap 15 through fluid 
outlet 130 and fluid return tube 132. 

Fig. 16 illustrates an arrangement of the head-cooling device 1 illustrated in 
Figs. 12-14. The head-cooling device 1 has head supports or protrusions 138 disposed 
on the inner surface 102 of the cap 15. The protrusions 138 are configured to contact 
the back of a patient's head to separate the patient's head from a back portion 1 74 of the 
head-cooling device 1. The head supports 138, therefore, define a fluid collection 
reservoir 140 in fluid communication with the fluid circulation space 25. During 
operation, in one arrangement, the fluid collection reservoir 140 acts as a sink for 
cooling fluid pumped into the fluid circulation space 25 and directs the cooling fluid to 
the second fluid ouflet 130. In one arrangement, the cooling fluid exits the fluid 
collection reservoir 140, via the second fluid outlet 130, under a positive gage pressure. 
In another arrangement, the second fluid outlet 130 is open to the atmosphere, thereby 
allov^ng removal of the cooling fluid from the fluid collection reservoir 140 via gravity 
(e.g., a gravity feed). 

Fig. 17 illustrates one arrangement of the head-cooling device 1 where the cap 
15 is formed of a flexible material and includes a substantially rigid shell 150 coupled to 
the outer surface 104 of the cap 15. For example, the rigid shell 150 is formed of a 
polyethylene (PET) plastic material. During operation the positive gage pressure source 
of the console 2 provides cooling fluid to the head-cooling device 1 and aids in 
maintaining the pressure within the fluid circulation space 25 between approximately 
0.1 and 10 PSI. Also during operation, the negative gage pressure source of the console 
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2 removes air from within the aspiration channel 21 and maintains the pressure within 
the aspiration channel 21 between approximately -0.1 and -10 PSI. In certain cases, the 
pressure within the fluid circulation space 25 causes the cap 15 (e.g. the portion of the 
cap 15 defining the fluid circulation space 25) to expand or "balloon" relative to a head 
5 148 of the patient. The rigid shell 150 minimizes expansion of the cap 15 during 
operation, thereby limiting the potential for the fluid circulation space 25 to break the 
seal formed by the aspiration channel 21 and cause fluid to leak from the cap 1 5. 

Fig. 18 illustrates an arrangement of the head-cooling device 1 where the fluid 
inlet 112 and the fluid outlet 1 14 of the head-cooling device 1 are configured to include 

10 swivel joints 152. For example, the fluid inlet 1 12 includes inlet swivel joint 152-1 and 
the fluid outlet 1 14 includes outlet swivel joint 152-2. The inlet swivel joint 152-1 
allows rotation 154 of the inlet connector 158 (e.g., connected to the respective cooling 
fluid infusion tube 4) relative to an axis 156-1 substantially perpendicular to the outer 
surface 104 of the head-cooling device 1. The outlet swivel joint 152-2 allows rotation 

15 154 of the outlet connector 160 (e.g., connected to the respective cooling fluid 
aspiration tube 5) relative to an axis 156-2 substantially perpendicular to the outer 
surface 104 of the cap 15. The swivel joints 152-1, 152-2 allow positioning of the head- 
cooling device 1 at various locations or orientations relative to the console 2 while 
minimizing strain on, or bending and kinking of, the tubes 4, 5. For example, when a 

20 user positions the head-cooling device 1 relative to the console 2, the swivel joints 1 52 
allow the connectors 158, 160 and associated tubes 4, 5 to rotate relative to the head- 
cooling device 1. 

Fig. 19 illustrates an arrangement of the head-cooling device 1 where the cap 15 
has handles 166 integrally formed with the cap 15. In one arrangement, the cap 15 has a 
25 first handle 166-1 oriented on a first side 168 of the head-cooling device 1 and a second 
handle (not shown) oriented on a second side of the head-cooling device 1 (e.g., 
opposing the first side 168 of the head-cooling device 1). The handles 166 allow a user 
(e.g., an emergency medical technician) to grasp the head-cooling device 1 and position 
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the head-cooling device 1 onto a patient's head 148. For example, assume the cooling 
device is formed from a flexible material. During installation, the user inserts his 
thumbs within the handles 166 and places a front portion 170 of the head-cooling device 
1 in contact with a forehead of a patient's head 148. Using the handles 166, the user 
applies a force in a first direction 172, substantially perpendicular to the front portion 
170 of the head-cooling device 1. The user then uses the handles 166 to apply a force in 
a second direction 174 (e.g., substantially perpendicular to the force applied in the first 
direction 172) to place a back portion 174 of the head-cooling device 1 in contact with a 
back of the patient's head 148. 

Fig. 20 illustrates one arrangement of the head-cooling device 1 where the cap 
15 is configured such that the fluid inlet 1 12 is located in proximity to the fluid outlet 
1 14. For example, as shown, both the fluid inlet 1 12 and the fluid outlet 1 14 are 
oriented on a top portion 180 of the cap 15. Such a configuration allows use of a single 
umbilical 3 having both the cooling fluid infiision tube 4 and the cooling fluid aspiration 
tube 5 with associated connectors 158, 160. Such a configuration minimizes the need 
for separate tubes 4, 5 (e.g., attached to the cap 15 in non-proximal locations) to attach 
the head-cooling device 1 to the console 2, thereby minimizing the amount of time 
required by the user to initiate hypothermia treatment to a patient at risk for ischemic 
injury, for example. 

Figs. 21 and 22 illusfrate an arrangement of the head-cooling device 1 where the 
head-cooling device 1 has a movement stabilizer component 184 located on the outer 
surface 104 of the cap 15. For example, the movement stabilizer component 184 is 
integrally formed along a back portion 174 of the cap 15. In one arrangement, the 
movement stabilizer component 184 has a first stabilizer portion 186 and a second 
stabilizer portion 1 88. During operation, after a user places the head-cooling device 1 
on the head 148 of a patient, the user places the patient's head 148 onto a resting 
surface, such as a bed or a table. The first stabilizer portion 1 86 and the second 
stabilizer portion 188 of the movement stabilizer component 184 contact the resting 
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surface and minimize rotation of the head 148 during hypothermia treatment. As shown 
in Fig. 22, the first stabilizer portion 186 and the second stabilizer portion 188 of the 
movement stabilizer component 184 also provide gripping surfaces for the head-cooling 
device 1 to allow user adjustment of the patient's head 148. For example, a user grasps 
the first stabilizer portion 1 86 and the second stabilizer portion 1 88 to rotate 190 the 
head 148 relative to a resting surface to ensure adequate contact (e.g., minimize gaps) 
between the movement stabiUzer component 184 and the resting surface to minimize 
inadvertent motion of the patient's head during operation of the head-cooling device 1. 

Figs. 23 and 24 illustrate one arrangement of the head-cooling device 1 where 
the cap 15 has a fluid distribution manifold 200 configured to removably couple to the 
fluid inlet 1 12 of the cap 15. In one arrangement, the fluid distribution manifold 200 is 
formed fi-om a polyethylene (PET) plastic material. The fluid distribution manifold 200 
has a connector portion 202, arms 204 defining jets 20, and attachment mechanisms 206 
associated with each arm 204. Use of the removable fluid distribution manifold 200 
allows a user to replace the fluid distribution manifold 200 in the case where the jets 20 
become clogged or degrade after repeated use of the head-cooling device 1 . 

The connector portion 202, in one arrangement, is configured to insert within the 
fluid inlet 1 12 of the cap 15, via a fi-iction or interference fit, to secure a first end 212 of 
the fluid distribution manifold 200 to the cap 15. The connector portion 202 receives 
cooling fluid from the cooling fluid source (e.g., reservoir of the console 2) and allows 
flow of the fluid within the arms 204 of the fluid distribution manifold 200. The 
attachment mechanisms 206 associated with each arm 204 are configured to insert 
within the first sealing member 22 of the channel 21 in one arrangement. The 
attachment mechanisms 206 secure a second end 216 of the fluid distribution manifold 
200 to the cap 15. 

Fig. 25 illustrates a cross-sectional view of an arm 204 of the fluid distribution 
manifold 200. Each arm 204 defines openings or jets 20 used to distribute cooling fluid, 
fi-om the fluid source, to the fluid circulation space 25. Cooling fluid travels from the 
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connector portion 202 through the arms 204 via a channel 2 1 8 defined by the arms 204. 
The cooling fluid exits the fluid distribution manifold 200 via the openings 20. 

Fig. 23 also illustrates the use of ventilation openings 220 within the cap 15. In 
one arrangement, the first sealing member 22 defines ventilation openings 220 oriented 
between the aspiration channel 21 and the fluid circulation space 25. During operation, 
the aspiration channel 21 attaches to a negative gage pressure source. The negative gage 
pressure source removes air fi-om the aspiration channel 21 to seal the rim of the cap 15 
to a patient's head. During operation, however, air can enter the fluid circulation space 
25 and reduce the volume, and therefore the efficiency, of the cooling fluid within the 
fluid circulation space 25. The ventilation openings 220 provide fluid communication 
between the aspiration channel 21 and the fluid circulation space 25 such that, during 
operation, the aspiration channel 21 scavenges or removes air within the circulation 
space 25, thereby maximizing the amount of cooling fluid within the fluid circulation 
space 25. In one arrangement, the first sealing member 22 defines the ventilation 
openings 220 along a fi-ont portion 170 of the cap 15, such that the first sealing member 
22 defining the ventilation openings 220 contacts a forehead of a patient's head. 

Figs. 26 and 27 illustrate one arrangement of the head-cooling device 1 where 
the channel 21 has a third sealing member 226 disposed on the inner surface 102 of the 
cap 15 about a circumference defined by the cap 15. The third sealing member 226 
orients between the first sealing member 22 and the second sealing member 23 of the 
channel 21. The third sealing member 226 divides the channel 21 into a first channel 
portion 21-1 and a second channel portion 21-2. As illustrated in Fig, 27, both the first 
channel portion 21-1 and the second channel portion 21-2 are in fluid communication 
with the aspiration manifold 1 7 of the cap 1 5. When a patient wears the head-cooling 
device 1, the first sealing member 22, the second sealing member 23, and the third 
sealing member 226 contact the patient's head. During operation, a negative gage 
pressure source removes air fi-om the first channel portion 21-1 and the second channel 
portion 21-2 to seal the cap 15 against the patient's head 148. Because the third sealing 
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member 226 divides the channel 21 into separate sealing portions 21-1, 21-2, the third 
sealing member 226 creates a secondary seal (e.g., second channel portion 21-2) 
between the patient's head 148 and the head-cooling device 1 during operation. Such a 
secondary seal minimizes cooling fluid (e.g., cooling fluid that migrates into the channel 
21) from flowing beyond tiie rim 110 of the head-cooling device 1 during operation. 

Fig. 28 illustrates one arrangement of the head-cooling device 1 where the 
aspiration channel 21 includes a fluid absorption material 230. For example, the 
absorption material 230 is formed of a sponge or foam-type material having fluid 
absorbance properties. In one arrangement, the aspiration channel 21 attaches to a 
negative gage pressure source and actively removes fluid from the fluid circulation 
space 25. In such an arrangement, the absorption material 230 aids in directing the fluid 
from the fluid circulation space 25 into the aspiration channel 21 and maintaining the 
fluid within the aspiration channel 21 (e.g., minimizes leakage of the fluid). In another 
arrangement, the aspiration channel 21 is open to the atmosphere (e.g., does not attach 
to a negative gage pressure source). In such an arrangement, the absorption material 
230 aids in directing the cooling fluid from the fluid circulation space 25 into the 
aspiration channel 21. For example, assume the aspiration channel 21 has an outlet port 
open to the atmosphere and located at a rear or back portion 1 74 of the cap 1 5. The 
absorption material 230 absorbs cooling fluid from the fluid circulation space, such as 
via wicking through the patient's hair, and carries the cooling fluid to the ouflet port. 
Because the outlet port is open to the atmosphere, the cooling fluid exits the aspiration 
channel by way of gravity (e.g., a gravity feed). 

Figs. 29 and 30 illustrate one arrangement of the head-cooling device 1 where 
the cap 15 defines flow channels 234 disposed on the inner surface 102 of the cap 15 
and in fluid communication with the fluid circulation space 25. In one arrangement, the 
flow channels 234 are formed as protrusions extending from the inner surface 102 of the 
cap 15. During operation, cooling fluid enters the cap 15 via an inlet (e.g., inlet 
manifold 16) and flows 236 across the flow channels 234 within the cap 15. The flow 
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channels 234 distribute the cooling fluid to a patient's head in a substantially uniform 
manner, as indicated in Fig. 30, Such distribution minimizes non-uniform cooling of 
the patient's head and minimized the amount of time required to induce systemic 
hypothermia in the patient. 
5 Fig. 3 1 illustrates a fluid collection reservoir 240 for use with the head-cooling 

device 1 . The fluid collection reservoir 240 defines collection chambers 244, such as a 
first collection chamber 244-1 and a second collection chamber 244-2, vent 242 and a 
suction channel that attaches to the aspiration channel 21 of the cap 1 5. In one 
arrangement, the fluid collection reservoir 240 couples to a rear or back portion 174 of 

10 the cap 1 5 such that the fluid collection reservoir 240 is in fluid communication with 
both the fluid circulation space 25 and the aspiration channel 21 of the cap 15. 

For example, during operation, cooling fluid enters the cooling device via an 
inlet (e.g., inlet manifold 16). The cooling fluid circulates within the fluid circulation 
space 25, defined by the cap 15. Because the vent 242 of the fluid collection reservoir 

1 5 240 is open to the atmosphere, the vent 242 causes the cooling fluid to collect within the 
chambers 244-1, 244-2 of the fluid collection reservoir 240. The suction channel 21 of 
the fluid collection reservoir 240 attaches to the aspiration channel 21 of the cap 15 that, 
in tum, attaches to a negative gage pressure source. Suction created by the negative 
gage pressure source causes the fluid, collected within the chambers 244-1, 244-2 to 

20 flow 246 into the suction channel 2 1 , via a Venturi effect. The associated aspiration 
channel 21 retums the cooling fluid to the console 2 for recooling. 

Fig. 32 and 33 illustrate an arrangement of the head-cooling device 1. The head- 
cooling device 1 has an aspiration channel 21 having an aspiration channel outlet 252, 
such as an aspiration manifold 17, fluid inlets 1 12, and a fluid outlet 1 14. The head- 

25 cooling device 1 defines a vent opening 250 and defines a support 256 surrounding each 
of the fluid inlets 1 12, fluid outlet 1 14, and the vent opening 250. The supports 256, in 
one arrangement, are hemispherically shaped and are configured to maintain spacing 
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between, and minimize blockage between, the patient's head 29 and the fluid inlets 1 12, 
fluid outlet 1 14, and the vent opening 250. 

The aspiration channel outlet 252 allows the head-cooling device 1 to maintain 
the aspiration channel 21 (e.g., a volume between the aspiration channel 21 and the 
5 patient's head 29) at a negative gage pressure, thereby allowing removal of air from the 
aspiration channel 21 and sealing the rim 110 of the cap 15 against the patient's head 
29. For example, in one arrangement, the aspiration chaimel outlet 252 connects to a 
negative gage pressure source within the console 2. During operation, the negative gage 
pressure source induces a negative gage pressure within the channel 21 to seal the rim 

10 1 10 of the cap 15 to the head 29. 

In one arrangement, the head-cooling device 1 has multiple fluid inlets 1 12-1, 
1 12-2, 1 12-N that provide substantially uniform distribution and flow of cooling fluid 
within the fluid circulation space 25 between the cap 15 and the patient's head 29. In 
one arrangement, each of the fluid inlets 1 12 has a respective nozzle 260 that provides a 

1 5 spray of cooling fluid to the patient's head 29. The nozzles 260 provide substantially 
uniform distribution of cooling fluid within the fluid circulation space 25. 

The vent opening 250, defined by the head-cooling device 1, in one arrangement, 
opens the fluid circulation space 25 to the atmosphere to substantially equalize the 
pressure within the fluid circulation space 25 to atmospheric pressure. In such an 

20 arrangement, the vent opening 250 maintains the fluid circulation space 25 at 

substantially atmospheric pressure. In one arrangement, the vent opening 250 has a 
check valve 254. The check valve 254 minimizes the ability of the cooling fluid to exit 
the fluid circulation space 25 through the vent opening 250, thereby minimizing leakage 
of the cooling fluid from the head-cooling device 1, and maintains communication 

25 between the fluid circulation space 25 and the atmosphere. The fluid outlet 1 14 is open 
to the atmosphere and oriented at a back portion 174 of the head-cooling device 1. In 
such a configuration, with the fluid circulation space 25 maintained at atmospheric 
pressure (e.g., via the vent opening 250), the fluid outlet 1 14 allows cooling fluid to exit 
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the fluid circulation space 25 via gravity (e.g., a gravity feed). 

Fig. 34 illustrates an arrangement of the umbilical 3 connecting the head-cooHng 
device 1 to a console 2. The umbilical 3 has an inlet tube 262 attached to an inlet tube 
connector 264, an outlet tube 266 attached to an outlet tube connector 268. 
5 The inlet tube 262 couples the fluid inlets 1 12 of the head-cooling device 1 to a 

positive gage pressure source of the console 2. The outlet tube 266 couples the 
aspiration channel 21 of the head-cooling device 1 to a negative gage pressure source of 
the console 2. In one arrangement, the outlet tube 266 is configured as a first outlet tube 
266-1 and a second outlet tube 266-2 where the first outlet tube 266-1 couples the 

10 aspiration channel 21 of the head-cooling device 1 to the negative gage pressure source 
of the console 2 and the second outlet tube 266-2 couples the fluid outlet 1 14 of the 
head-cooling device to the negative gage pressure source of the console 2. In one 
arrangement, a thermally insulated conduit 274 surrounds both the inlet tube 262 and 
the outlet tube 266. The thermally insulated conduit 274 minimizes heating of the 

1 5 cooling fluid carried by the tubes 262, 266 to or from the head-cooling device 1 . 

In one arrangement, the inlet tube 262 has an inlet tube check valve 270-1 
located between the head-cooling device 1 and the console 2 while the outlet tube 270 
has an outlet tube check valve 270-2 located between the head-cooling device 1 and the 
console 2. The inlet check valve 270-1 and the outlet check valve 270-2 minimize 

20 leakage of cooling fluid from the umbilical 3 when a user removes the head-cooling 
device 1 from the patient's head 29 (e.g., after application of the cooling fluid to the 
patient is completed). 

In one arrangement, the outlet tube 270 has a debris collector 272, such as a 
screen, located between the head-cooling device 1 and the console 2. For example, 

25 during operation, hair from the patient's head can enter the outlet tube 270 and travel to 
the console 2, thereby potentially clogging and damaging the pumps (e.g., positive gage 
pressure source and negative gage pressure source) associated with the console 2. The 
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debris collector 272 minimizes the amount of material (e.g., hair) received by the 
console 2 from the head-cooling device 1 during operation. 

Fig. 35 illustrates an arrangement of the console 2, such as for use with the head- 
cooling device 1 as shown in Figs. 32-34. The console 2 has flow connectors 276, a 
5 body temperature sensor connector 278, and a computerized device connector 280. The 
console 2 also has a pressure release valve 282, a first flow switch 283, a second flow 
switch 284, a positive gage pressure source (e.g., first pump) 285, a negative gage 
pressure source (e.g., second pump) 286, a reservoir level sensor 288, and a cooling 
fluid temperature sensor 290. The controller also has the reservoir 56, controller 58, 

1 0 battery 57, a power supply 293 in electrical communication with the controller 58 and in 
electrical communication with a power connector 294. The power connector 294, in 
one arrangement, is configured to provide power to the power supply 293 from a power 
source 295, such as a wall outlet. 

The flow connectors 276, in one arrangement, include a first flow connector 

15 276-1 and a second flow connector 276-2. The first flow connector 276-1 allows 
connection of the aspiration channel outlet 252 of the head-cooling device 1 to the 
negative gage pressure source 286 of the console 2. The second flow connector 276-2 
allows connection of the fluid inlet 1 12 of the head-cooling device 1 to the positive gage 
pressure source 285 of the console 2. The computerized device connector 280 allows 

20 connection of a computerized device 296, such as a personal computer, to the controller 
58, thereby allowing a user to retrieve and store data (e.g., such as information collected 
by the sensor 10) collected by the controller 58 of the console 2. 

The sensor connector 278 allows connection of a sensor, such as a body 
temperature sensor 10 to the controller (e.g., motherboard) 58 of the console 2. Such 

25 connection allows the controller 58 to display a measurement (e.g., a body temperature 
measurement), as measured by the sensor, to a user via a display. In one arrangement, 
the controller 58 uses a patient's body core temperature measurement, as measured and 
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transmitted by the temperature sensor 10, to control operation of the cooling system 
100. 

For example, in one arrangement, the patient's body core temperature has a set- 
point range between approximately ^l^'C - 3TC, The controller 58 is configured with a 
5 particular set-point value. During operation, the temperature sensor 10 transmits a 
temperature signal (e.g., body core temperature signal) to the controller. When the 
controller 58 detects the temperature signal is, for example, 0.2 °C greater than the set- 
point value, the controller 58 transmits a signal to the first pump 285 and the second 
pump 286 that causes the pumps 285, 286 to circulate cooling fluid within the cooling 
10 system 100 (e.g., to and from the patient). When the controller 58 detects the 

temperature signal is, for example, 0.0 °C above the set-point value, the controller 58 
transmits a signal to the first pump 285 and the second pump 286 that causes the pumps 
285, 286 to stop circulation of cooling fluid within the cooling system 100 (e.g., to and 
from the patient). 

15 The first flow switch 283 is in fluid communication with the reservoir 56 and in 

electrical communication with the controller 58. The first flow switch 283 positions, 
within a fluid flow path, between the reservoir 56 and the fluid inlet 1 12 of the head- 
cooling device 1 . The second flow switch 284 is in fluid communication with the 
reservoir 56 and in electrical communication with the controller 58. The second flow 

20 switch 284 positions, within a fluid flow path, between the reservoir 56 and the 

aspiration channel outlet 252 of the head-cooling device 1 . The first flow switch 283 
and the second flow switch 284 are configured to detect flow along the respective flow 
paths. For example, in one arrangement, when the first flow switch 283 detects a 
reduction in cooling fluid flow along the respective flow path (e.g., indicating a 

25 blockage along the flow path), the flow switches 283, 284 transmit a signal (e.g., flow 
warning signal) to the controller 58. In response to the signal, the controller 58 
indicates to a user, via a display, blockage of the flow path, thereby allowing the user to 
unblock the flow path to ensure adequate operation of the cooling system 100. 
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The pressure release valve 282 positions, within a fluid flow path, between the 
flow switch 283 and the fluid inlet 112 of the head-cooling device 1 . The pressure 
release valve 282 is configured to regulate pressure of the cooling fluid from the 
positive gage pressure source 285 to the head-cooling device 1 (e.g., a fluid circulation 
5 space 25 defined between the head-cooling device 1 and a patient's head 29). For 
example, in the case where the fluid pressure within the fluid circulation space 25 
exceeds a preset maximum, the pressure regulation valve 282 directs the cooling fluid 
from the positive gage pressure source 285 to the reservoir 56, thereby minimizing over 
pressurization and potential failure of the head-cooling device 1. 

1 0 The level sensor 288, in one arrangement, is in fluid communication with the 

cooling fluid within the reservoir 56 and is in electrical communication with the 
controller 58. The level sensor 288 is configured to detect an amount of cooling fluid 
within the reservoir 56. For example, in one arrangement, when the level sensor 288 
detects the amount of fluid within the reservoir 56 falls below a preset level, the level 

1 5 sensor 288 transmits a signal (e.g., level warning signal) to the controller 58. In 

response to the signal, the controller 58 indicates to a user, via a display, a low level of 
cooling fluid within the reservoir 56, thereby allowing the user to fill the reservoir 56 
with additional cooling fluid to ensure adequate operation of the cooling system 100. 

The temperature sensor 290, in one arrangement, is in fluid communication with 

20 the cooling fluid within the reservoir 56 and is in electrical communication with the 
controller 58. The temperature sensor 290 is configured to measure the temperature of 
the cooling fluid within the reservoir 56. For example, when the temperature sensor 290 
detects the temperature of the cooling fluid rises above a preset level, the temperature 
sensor 290 transmits a signal (e.g., temperature warning signal) to the controller 58. In 

25 response to the signal, the controller 58 indicates to a user, via a display, a relatively 
high temperature of the cooling fluid, thereby allowing the user to reduce the 
temperature of the cooling fluid or replace the cooling fluid with relatively low 
temperature cooling fluid to ensure adequate operation of the cooling system 100. 



MED03-11 



-49- 

In one arrangement, the reservoir 56 defines a substantially conical shape. For 
example, the reservoir 56 is formed of a tapered wall such that the taper narrows toward 
a fluid outlet of the reservoir 56. The conical shape of the reservoir 56 allows 
substantially complete drainage of the cooling fluid from the reservoir 56 after operation 
of the cooling system 100. In one arrangement, the reservoir 56 has a reservoir screen 
292 oriented in proximity to the reservoir outlet. The reservoir screen 292 minimizes 
blockage of the reservoir outlet, such as caused by ice or solid substances within the 
reservoir 56, during draining of the reservoir 56. 

In one arrangement, the reservoir outlet has a valve 297 coupled to an extemal 
drain 298, such as a drain reservoir. The valve 297 minimizes leakage of the reservoir 
56 during operation of the cooling system 100 and allows drainage of the reservoir 56 
into the extemal drain 298. 

Fig. 36 illustrates a method 400 for inducing hypothermia in a body to a preset 
temperature. In one arrangement, a user, such as a medical technician, performs the 
method 350. 

In step 402, a user places a head-cooling device 1 on a head of a body. For 
example, the head-cooling device 1 allows contact between the patient's head and a 
cooling fluid pumped into the head-cooling device 1 to induce systemic hypothermia in 
the patient. 

In step 404, the user places at least one body-cooling device 6 on a second part 
of the body. For example, in the case where the body-cooling device 6 is configured as 
a neck-cooling device 90, the user places the device 90 onto the patient in the region of 
the left carotid artery and the left jugular vein and in the region of the right carotid artery 
and the right jugular vein. In such an arrangement, the neck-cooling device 90 
effectively cools the blood flowing through the carotid arteries and jugular veins and 
increases the rate of induction of systemic hypothermia within the patient. 

In step 406, the user cools the patient with the head-cooling device 1 and the 
body-cooling device 6 until the body temperature of the patient reaches a preset 
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temperature. For example, assume the user measures the core body temperature of the 
patient using the body temperature sensor 10. When the core body temperature reaches 
a preset level of between approximately 32°C and 2>TC the body temperature sensor 10 
indicates the temperature to the user, thereby notifying the user that systemic 
5 hypothermia has been achieved in the patient. 

In step 408, the user discontinues the head cooling with the head-cooling device 
1 while continuing cooling of the second part of the body with the body-cooling device 
6 to maintain the patient's body temperature at the preset temperature. By removing the 
head-cooling device 1, the user minimizes the risk of lowering the temperature of the 

1 0 patient below a low-level threshold (e.g., below approximately 32°C), thereby 
potentially endangering the patient. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 

1 5 spirit and scope of the invention as defined by the appended claims. 

As described above, the cooling system 100 includes a console 2 and a tissue 
cooling device. As indicated above, in one arrangement, the tissue cooling device is 
configured as the head-cooling device 1 . Also as indicated above, the tissue cooling 
device is configured as the body-cooling device 6 where the body-cooling device 6 has a 

20 heat transfer membrane 33. During operation, jets of fluid 40 are directed at the inner 
surface of heat transfer membrane 33 and create fluid turbulence at the inner surface of 
heat transfer membrane 33. During operation, (e.g., when the heat transfer membrane 
contacts a body portion or tissue region of interest of a patient), such turbulence 
increases the heat transfer from the patient's body, across heat transfer membrane 33, 

25 and into cooling fluid contained in fluid circulation chamber 44. Such a configuration 
of the body-cooling device 6 is by way of example only. In one arrangement, the body- 
cooling device 6 is configured as having an aspiration channel oriented about an edge of 
the body-cooling device 6. 
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For example, the body-cooling device 6 includes a tissue covering portion (e.g., 
such as substrate 31) having an outer surface and an inner surface. The tissue covering 
portion defines an edge and is configured to cover a tissue region of interest. For 
example, in the case where the body-cooling device 6 is a neck-cooling device 90, the 
5 body-cooling device 6 covers the neck of the wearer. The body-cooling device 6 fiirther 
includes an inlet in communication with the tissue covering portion. The inlet receives 
pressurized fluid fi-om a pressure source (e.g., fi-om the positive gage pressure source of 
the console 2) and distributes the cooling fluid to the tissue region of interest. For 
example, as the inlet distributes the cooling fluid to the tissue region of interest (e.g., to 
10 the neck), the cooling fluid contacts the tissue (e.g., neck) covered by the tissue covering 
portion. 

The body-cooling device 6 fiirther includes an aspiration channel disposed on 
the inner surface of the tissue covering portion about the edge defined by the tissue 
covering portion. For example, in one arrangement, the aspiration channel is configured 

15 as the aspiration channel illustrated in Fig. 4 (e.g., is defined by a first sealing member, 
a second sealing member, and a second inner surface of the tissue covering portion). 
The aspiration channel fluidly communicates with a suction source. For example, in 
one arrangement, the aspiration channel connects to the negative gage pressure source of 
the console 2. During operation, the suction source removes air from a space defined by 

20 the aspiration channel to seal the edge of the tissue covering portion to a periphery of 
the tissue region of interest (e.g., to a periphery of the neck of a patient). For example, 
in one arrangement, the space defined by the aspiration channel includes the volumetric 
space between the periphery of the tissue region of interest and the aspiration channel, 
as indicated in Fig. 4. By sealing the edge of the tissue covering portion to the periphery 

25 of the tissue region of interest, the aspiration channel minimizes leakage of the 
pressurized fluid beyond the edge of the tissue covering portion. 

While the above-described arrangement of the body-cooling device indicates 
that the body-cooling device covers a body portion of a patient, such as a patient's neck, 
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such indication is by way of example only. In one arrangement, the body-cooling device 
6 is configured to surround substantially an entire body surface of the patient. For 
example, the body-cooling device is configured as a bag or a pouch defining an edge 
having an aspiration channel. In one arrangement, the pouch is configured to surround 
5 at least a portion of a limb, (e.g., arm or leg) of the patient. During operation, the 

aspiration channel seals the edge of the pouch to the limb while cooling fluid circulates 
within a fluid circulation space defined between the limb and an interior surface of the 
pouch. In another arrangement, the pouch is configured as a body suit to surround the 
body surface of a patient. For example, in such a configuration, the body suit surrounds 

10 the arms, legs, pelvis and torso of a patient. During operation, the aspiration charmel 
seals the edge of the pouch to a neck area of the patient while cooling fluid circulates 
within a fluid circulation space defined between the body (e.g., hands, arms, feet, legs, 
pelvis, and torso) of the patient and an interior surface of the pouch. Such a 
configuration reduces the core body temperature of the patient while minimizing 

1 5 leakage of the cooling fluid beyond the edge of the body suit. 

As indicated above, the neck-cooling device 90 has a heat transfer membrane 33. 
During operation, jets of fluid 40 are directed at the inner surface of heat transfer 
membrane 33 and create fluid turbulence at the inner surface of heat transfer membrane 
33. Such turbulence increases the heat transfer from the patient's body, across heat 

20 transfer membrane 33, and into cooling fluid contained in fluid circulation chamber 44. 
Such a configuration of the neck-cooling device 90 is by way of example only. In one 
arrangement, the neck-cooling device 90 is configured similar to the cooling cap 15. 
For example, after a user applies the neck-cooling device 90 to a patient's neck, a 
cooling fluid flows into a fluid circulation space defined between the neck-cooling 

25 device 6 and the patient's neck such that the cooling fluid directly contacts the patient's 
neck. In such an arrangement, the neck-cooling device 90 also has an aspiration system 
to scavenge the cooling fluid (e.g., saline) from the fluid circulation space. 
In one arrangement, the neck-cooling device 90 forms part of a head 
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immobilizer device (e.g., a device that provides head and cervical immobilization). In 
such an arrangement, the head immobilizer device provides both neck cooling to a 
patient at risk for ischemic injury and minimizes inadvertent motion of the patient's 
head during operation of the neck-cooling device 90. 
5 As indicated above, the head-cooling device 1 and the neck-cooling device 90 

are formed as distinct (e.g., separate) devices that provide cooling to a patient's head 
and neck, respectively. In one arrangement, the head-cooling device 1 and the neck- 
cooling device 90 are integrated into a single unit having a single connector, or 
umbilical, that provides cooling fluid from the console 2 to the integrated vmit. In one 

10 arrangement, the head-cooling device 1 and neck-cooling device 90 are provided in a 
variety of sizes to acconmiodate a variety of head sizes and neck sizes, such as 
corresponding to a patient's age (e.g., newbom to adult). 

As indicated above, the head-cooling device 1 is configured such that cooling 
fluid enters the fluid circulation space defined by the head-cooling device 1 and the 

1 5 patient's head via multiple jets 20. Such a configuration is by way of example only. In 
another arrangement, the cooling fluid enters the fluid circulation space and directiy 
contacts the scalp without the use of jets. For example, in one arrangement, fluid enters 
the infusion manifold 16 via inlet tube 4 and flows directly to the patient's scalp. 
As indicated above, the cooling system has a body temperature sensor 10 

20 removably connected to console 2 by a body temperature sensor lead 1 1 . The cooling 
system 100 utilizes the body temperature sensor 10 to modulate patient cooling in order 
to maintain the patient's body at a predetermined hypothermic temperature. In one 
arrangement, the cooling system 100 includes physiological sensors placed on or into 
the patient to monitor body cooling and control the operation of the consol so as to 

25 control body cooling. For example, the cooling system 100 includes electrocardiogram 
(EKG) sensors or pulse oximetry sensors for attachment to the patient to aid in adjusting 
or maintaining the patient's body temperature. 

As described above, the console 2 provides a cooling fluid to a fluid circulation 
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space located between the head-cooling device 1 and the patient's head, via a positive 
gage pressure source to induce systemic hypothermia in the patient. In one arrangement, 
the console 2 allows a user to select (e.g., set) a predetermined body temperature prior to 
the initiation of therapy or during therapy. For example, using a control panel of the 
5 console 2, the user programs into a memory (e.g., computer memory) associated with 
the console 2 a target temperature of the patient. Based upon a feedback loop created 
between the body temperature sensor 10 (e.g., as placed on the patient) and the console 
2 and based upon the target temperature stored in the console's memory, the console 
automatically adjusts the amount or rate of delivery of the cooling fluid to the patient. 

1 0 In one arrangement, the console 2 allows the user to select a rate at which the patient's 
body is cooled or re-warmed. 

In one arrangement, the cooling system includes interlocks that prevent 
operation of the system 100 if the user does not operate the system 100 correctly or if 
the system 100 malfunctions. For example, assume the user incorrectly programs the 

1 5 console 2 to induce a hypothermic temperature within the patient that could potentially 
damage the patient. In such an arrangement, based upon the detection of an improper 
temperature, the interlocks of the cooling system 100 become activated and prevent 
operation of the cooling system 100 (e.g., prevent delivery of the cooling fluid to the 
patient), 

20 In one arrangement, control panel of the console 2 includes user feedback 

mechanisms that provide to the user the status of the patient during induction of 
systemic hypothermia. For example, the control panel of the console 2 includes an 
electronic display or mechanical indicator that provide the user with information 
regarding the operation of the system, activation of one or more interlocks, or the status 

25 of the patient's body cooling. 

As indicated above, the console 2 of the cooling system 100 includes a positive 
gage pressure source (e.g., fluid pump) and a negative gage pressure source (e.g., 
aspiration pump) to respectively provide and remove fluid from the fluid circulation 
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space25. Such an arrangement is by way of example only. In another arrangement, the 
console has three pumps: a positive gage pressure source to provide cooling fluid to the 
circulation space 25 of the head-cooling device, a first negative gage pressure source to 
provide a seal about the rim of the head-cooling device, and a second negative gage 
5 pressure source to assist the egress of water from the fluid circulation space 25. 

As indicated above, the aspiration channel 21, in one arrangement, is disposed 
about the entire circumference of the inner surface 102 at the bottom edge (e.g., rim 
1 10) of the head cap 15 and, in one arrangement, is sized such that the inner diameter of 
aspiration channel 21 as defined by the inner diameter of inner seal 22 and/or outer seal 

10 23 is approximately 2 to 30 percent smaller than the circumference of the patient's head 
29. Since the circumference of the aspiration channel 21 is smaller than the patient's 
head 29, the force generated by the aspiration channel 21 on the patient's head 
maintains the head cap 15 on the patient's head during operation of the cooling system 
100 and minimizes cooling fluid from leaking past the rim of the head cap 15 during 

1 5 operation. Such an arrangement is by way of example only. 

In one arrangement, during operation, a portion of the cooling fluid within the 
fluid circulation space 25 contacts the inner seal 22 and the outer seal 23 of the 
aspiration channel 21 in a location between the seals 22, 23 and the patient's head 29. 
In such an arrangement, the cooling fluid contributes to sealing the aspiration channel 

20 21 against the patient's head, thereby minimizing cooling fluid from leaking past the 
rim of the head cap 15 during operation. In another arrangement, the inner seal 22 and 
the outer seal 23 of the aspiration channel 21 each have a fluid resistant coating, such as 
a gel, grease, or adhesive, located between the seals 22, 23 and the patient's head 29. 
The fluid resistant coating contributes to sealing the aspiration channel 21 against the 

25 patient's head, thereby minimizing cooling fluid from leaking past the rim 1 10 of the 
head cap 15 during operation of the cooling system 100. In another arrangement, the 
rim 1 10 of the head cap 1 5 includes a constricting band disposed about the 
circumference of the cap 15. For example, in one arrangement, the constricting band is 
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a drawstring in communication with, and disposed about the circumference of, the cap 
15. Prior to operation of the cooling system 100, a user tightens the drawstring of the 
cap 15 to compress the cap 15 against a patient's head 29. Such compression minimizes 
cooling fluid from leaking past the rim 1 10 of the head cap 15 during operation of the 
5 cooling system 100. 

As indicated above, the cap 15 of the head-cooling device 1 is formed as a rigid 
structure (e.g., thermoplastic) or as a flexible structure (e.g., elastomer). In one 
arrangement, the head-cooling device 1 is formed of a radio-translucent material to 
allow a user (e.g., medical technician) to perform an X-ray or CT scan on a patient 

10 wearing the head-cooling device 1 without requiring removal of the head-cooling device 
1. In one arrangement, the head-cooling device 1 is configured to decompose or 
destruct after a single use to minimize reuse of the head-cooling device 1 . For example, 
in one arrangement, when exposed to sterilization, such as through autoclaving, the 
material of the head-cooling device 1 degrades (e.g., becomes damaged), thereby 

1 5 indicating prior use of the head-cooling device 1 . 

Fig. 37 illustrates an arrangement of a cooling system 100 having 
cardiopulmonary resuscitation equipment as part of the console 2. In such an 
arrangement, the cooling system 100 has a console 2, a head-cooling device 1, an 
umbilical 1 3 connecting the head-cooling device 1 to the console 2, a temperature 

20 sensor 10 in electrical communication with the console 2 via lead 11, and defibrillator 
electrode paddles 300 in electrical communication with the console 2 via defibrillator 
leads 302. The console 1 has defibrillator lead connectors 304 coupled to a defibrillator 
306 associated with the console 1. The defibrillator lead connectors 304 provide 
electrical communication between the defibrillator paddles 300 and the defibrillator 306 

25 of the console 2. 

The cooling system 100 of Fig. 37 allows resuscitation of a patient stricken with 
cardiac arrest. For example, during operation, a user (e.g., medical technician) carries 
the cooling system 100 to a patient undergoing cardiac arrest. The user applies the 



MED03-11 



-57- 

defibrillator paddles 300 to the patient, engages the defibrillator 306 of the console 1 
(e.g., places the defibrillator in an "on" mode of operation), and defibrillates the patient. 
The user places the head-cooling device on the patient's head, places the temperature 
sensor 10 on or into the patient's body, and connects the temperature sensor 10 to the 

5 console 2 using the lead 1 1 . The user connects the head-cooling device 1 to the console 
2 using the umbilical 3. The user activates the console 2 to provide cooling fluid to the 
head of the patient to minimize ischemic injury in the patient. 

While Fig. 37 illustrates the console as having a defibrillator 306 as 
cardiopulmonary resuscitation equipment, such illustration is by way of example only. 

10 In one arrangement, the console 2 includes cardiopulmonary resuscitation equipment 
such as a chest compression system (CPR system). In another arrangement, the console 
2 includes cardiopulmonary resuscitation equipment (e.g., ventilation equipment), such 
as a cardiopulmonary ventilation system. The CPR system and the ventilation system 
allow a user (e.g. medical technician) to attempt to restore circulation of blood in, and 

1 5 provide oxygen to, a patient such as a patient undergoing cardiac arrest. 

Fig. 38 illustrates an arrangement of the cooling system 100. Cooling cap 401 is 
connected to console 402 by an umbilical comprising cooling fluid inlet tube 403, and 
aspiration tube 404. Cooling cap 401 consists of inner liner (Fig. 40), outer liner 409, 
chin strap 408, and umbilical comprising cooling fluid inlet tube 403 and aspiration tube 

20 404, and tube fittings 405. Components of the console 401 depicted are the console case 
412, carrying handle 410, on/off switch 406, electrical battery recharging contacts 407, 
and tube fitting receptacles 411. The internal components of the console are described 
later. The cooling cap 401 is removably connectable to console 402 by tube fittings 405 
mounted on the end of cooling fluid inlet tube 403, and aspiration tube 404, and by tube 

25 fitting receptacles 41 1 mounted on console 402. Tube fittings 405 and tube fitting 

receptacles 41 1 are readily commercially available. Chinstrap 408 holds cooling cap 401 
to the patient's head. Outer liner 409 is an insulating cover made firom closed cell foam 
with a woven outer covering. Chinstrap 408 is bonded to outer liner 408 by thread and 
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adhesive. Console 402 provides cold saline to cooling cap 401 under pressure through 
cooling fluid inlet tube 403, and removes saline from cooling cap 401 by providing 
suction to cooling cap 401 through aspiration tube 404. The system is turned on and off 
by on/off switch 406. An internal electrical battery (not shovm) may be recharged by a 
5 recharging cradle (not shown) through electrical battery recharging contacts 407. The 
console, in one arrangement, is approximately eighteen inches long, twelve inches high 
and eight inches deep and weighs between 6 and 15 pounds. Carrying handle 410 allows 
the console 402 to be carried my emergency medical personnel in close proximity to the 
patient during patient transport. 

10 Fig. 38 also illustrates a cooling collar 413 connected to console 402 by an 

umbilical comprising cooling fluid inlet tube 414, and cooling fluid return tube 415. The 
cooling collar 413 is removably connected to the console 402 by tube fittings 416 
mounted on the end of cooling fluid inlet tube 414, and cooling fluid return tube 415, 
and tube fitting receptacles 417 mounted on console 402. Tube fittings 416 and tube 

1 5 fitting receptacles 417 are readily commercially available. Console 402 provides cold 
saline to cooling cap 401 as described in Fig 38, and also provides cold saline to cooling 
collar 413 under pressure. The cold saline circulates through channels in the wall of 
cooling collar 413 to cool the neck of the patient (see Figs. 41 and 42) and returns to the 
console through cooling fluid return tube 415. 

20 Fig 39 depicts the inner liner 418 of cooUng cap 1 (Fig. 38). Inner liner 418 

consists of inner shell 425, and outer shell 426. Inner shell 425 and outer shell 426 are 
molded firom an elastomer material such as silicone rubber. Inner shell 425, and outer 
shell 426 are bonded together with adhesive. Channels molded in inner shell 425 form 
fluid channels 421, and aspiration channel 423 once the inner shell 425, and outer shell 

25 426 are bonded together. Inlet manifold 419 is in fluid communication with fluid 
channels 421. Aspiration manifold(s) 20 are in fluid communication with aspiration 
channel 423. Inlet manifold is connected to cooling fluid inlet tube 3 (Fig. 38) with tube 
fitting (not shown). Aspiration manifold(s) is connected to aspiration tube 404 (Fig. 38) 
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with tube fitting (not shown). Fluid jets 422 are located incrementally along fluid 
channels 421 as shown. Aspiration ports 424 are located incrementally along aspiration 
channel 423 as shown. Cold saline enters inner liner 318 through inlet manifold under 
pressure as provided by console 402, and cooling fluid inlet tube 3 (Fig. 38). The cold 
5 saline is distributed through the walls of inner liner 418 by fluid channels 421 . The cold 
saline exits fluid channels 421 through fluid jets 422 which direct the cold saline at the 
patient's head. Cooling jets 422 are holes through the wall of inner shell 425 and are 
sized such that the cold saline exits the fluid channel with sufficient velocity that the 
saline penetrates the patients hair, and reaches the patients scalp. Fluid jets are between 

10 0.010 and 0.040 inches in diameter. The inner liner 418 contains between 25 and 150 
fluid jets 422 which provides for even distribution of saline about the patient's head. 
Cold saline is provided to the inner liner 418 at a pressure of between 5 PSI and 50 PSI 
by the control console 42 (Fig. 38). Suction is applied to aspiration manifold(s) 420 by 
the console 402 and aspiration tube 404 (Fig. 38) which is in fluid communication with 

15 aspiration channel 423. Air and saline are dravra into aspiration channel 423 through 
aspiration ports 424 and is returned to console 402 through aspiration tube 404 (Fig. 
38). The combination of suction, and the construction of aspiration channel 423 as 
shown when placed on a patient's head induces a pressure between the patient's head 
and inner liner 418 below atmospheric pressure thereby containing the saline under the 

20 inner liner 418. 

Fig 40 depicts a front view of cooling collar 413. Cooling collar 413 consists of 
cooling fluid inlet tube 414, cooling fluid return tube 415, inlet manifold 427, outlet 
manifold 428, cooling channels 429 formed between inner layer 434 (opposite surface 
shown), and outer layer 433, Velcro® hook 430 (opposite surface shown), Velcro® loop 

25 43 1 , and tracheotomy hole 432. Cold saline is supplied to cooling collar 413 by console 
402 (Fig. 38) under pressure through cooling fluid inlet tube 414. Cold saline enters 
cooling collar 413 through inlet manifold 427, then flows through multiple cooling 
channels 429 as shown, and exits cooling collar 413 through outlet manifold 428, and is 
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retumed to console 2 (Fig 38) through cooling fluid return tube 15. Cooling collar 13 is 
wrapped around the patient's neck in a circular manner and fasted with Velcro hook® 
430, and Velcro® loop 431. Tracheotomy hole 432 is positioned over the patient's 
trachea to provide for emergency tracheotomy. Inner layer 434 is bonded to outer layer 
5 433 by adhesive, or by a thermal bonding method depending on the material selected for 
the inner layer 434, and outer layer 433, Cooling channels are formed by masking, 
where there is no bond between inner layer 434, and outer layer 433. Inner layer 434 is 
formed from a sheet of polymer, or metal foil, or a lamination of polymer and metal foil. 
Inner layer 434 is between 0.001 and 0.008 inches thick. Outer layer 433 is formed from 

10 a sheet of polymer and is between 0.015 and 0.125 inches thick. Inlet manifold 427, and 
outlet manifold 428 are integrated into the cooling collar 413 during the bonding 
process (see Fig 42). Velcro® hook 30, and Velcro® loop are bonded to cooling collar 
413 with adhesive and thread. Cooling fluid inlet tube 414, and cooling fluid return tube 
415 are made from vinyl tubing or a suitable equivalent and are 0.25 to 0.375 inches in 

15 diameter and have a wall thickness of 0.010 to 0.060. Fluid fittings (not shown) 

mounted on opposite ends of cooling fluid inlet tube 414, and cooling fluid return tube 
415 provide removable connection to console 402 (Fig 38). Fig 41 depicts a side view 
of cooling collar 413. Cooling collar 413 is between 4 and 6 inches high, and has a 
length of between 12 and 20 inches to accommodate the circumference of a variety of 

20 patient's necks. The construction of the Velcro® fastening means 430 and 43 1 as shown 
provides for proper fit among various patients. 

Fig 42 depicts in sectional view the attachment of both the inlet manifold 427, 
and outlet manifold 428 to cooling collar 413. Cooling fluid inlet tube 414 is joined to 
inlet manifold 427 using adhesive 437, or a barbed tube fitting (not shown). Spacer 435 

25 separates inner layer 434 from outer layer 433 about the circumference of manifold stem 
439. Hole 438 is in radial alignment with a hole (not shown) in spacer 435. Inner liner 
434 is sandwiched between spacer 435 and washer 436. The assembly is held together 
with adhesive 437, or is thermally bonded together. Cold saline flows from cooling fluid 
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inlet tube 414 into inlet manifold 427, though hole 438, and through hole (not shown) in 
space 435 and into fluid channels 429. 



